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Abstract
The performance characteristics of propellers at high speeds have been obtained in the past
and are well documented. But neither their performance at low Reynolds numbers, nor their
behavior in yaw are clearly known. Knowledge of the aerodynamic characteristics of these
propellers is instrumental in providing an appropriate propulsion system. The goal behind
this thesis is to evaluate the performance of several propellers at multiple angles of yaw
for a constant rotational velocity. Propeller torque, thrust, and the normal force produced
from the sideslip angle were all measured. It was observed that at small angles of yaw,
the variation in performance was minimal, yet a dramatic increase was witnessed at angles
greater than 15 deg.
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A disk area of propeller
c sectional propeller chord length
C cross-sectional area of wind tunnel
CD drag coeﬃcient
CN normal force coeﬃcient
CP power coeﬃcient
CPo static power coeﬃcient
CT thrust coeﬃcient
CTo static thrust coeﬃcient
D propeller diameter
Dtrue true propeller diameter
J advance ratio
Ju uncorrected advance ratio
K1 wind tunnel correction parameter







R propeller radius, resultant force, or ideal gas constant for air
Re Reynolds number
S reference area
t sectional propeller thickness
T thrust
Tair air temperature




α1 wind tunnel correction parameter




τ1 wind tunnel correction parameter
τ4 wind tunnel correction parameter
Ω propeller rotational speed (RPM)
Abbreviations
GUI Graphical User Interface




For any given propeller, the main design considerations consist of propeller diameter, chord
and pitch distributions, and the sectional airfoil and its corresponding performance charac-
teristics. This is true whether the propeller in question is of the full-scale ilk and designed for
general aviation, or if it is a small-scale propeller conceived for model airplanes. Full-scale
propellers have been tested in the past, and references [2]–[11] provide insight on the testing
procedure and their respective results. In addition to obtaining inherent performance traits
from the propellers themselves, these tests were aimed to answer questions regarding the
eﬀect of high tip-speeds, ice accretion, and angle of attack among others. But what if a
propeller is subject to sideslip at an angle of yaw?
That question has been brought up in the past, as evidenced by the work performed in
references [12]–[17] where several yaw angles were implemented in the research. Yet this issue
still remains untouched with respect to propellers at low Reynolds numbers, and therein lies
the purpose of this thesis. In the experiments performed by NACA, high yaw angles were
not tested and consequently there was small performance variation. In reference [15], the
highest angle was 15 deg, and this corresponded to a mere 2% increase in the peak eﬃciency.
The trend for eﬃciency, however, is based on how the thrust vector is aligned with the wind
tunnel. The results of reference [16] state a decrease in eﬃciency with advancing angles of
yaw. In that experiment, the thrust was measured parallel to the tunnel centerline, and
thus increasing the yaw angle from 0 to 30 deg reduced the peak eﬃciency by 13%. For this
experiment, the thrust was always aligned with the propeller axis and therefore the eﬃciency
was enhanced with the onset of yaw. In the end, it was determined that testing at angles
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near 30 deg and beyond would provide interesting and useful results. Therefore the ﬁnal
sweep of yaw angles for this experiment consists of β = 0, 15, 30, 40, and 45 deg.
When a propeller is subject to yaw, two forces are produced: one along the axis of
rotation, known as thrust, T , and another normal force, N , that lies along the plane of
rotation. The emergence of the normal force reduces the magnitude of the thrust, and their
sum is deﬁned by the resultant force, R. Figure 1.1 provides a schematic of these forces.
It will be shown that the thrust is inversely proportional to the yaw angle, while a direct
relationship exists between the angle of yaw and the normal force.
Figure 1.1: Propeller forces for a positive yaw angle of β.
A total of 12 propellers were used in the experiment performed in the UIUC low-speed
wind tunnel. They were chosen based on their wide usage in the industry and have been
categorized by model. All the propellers used in the experiment are displayed in Figs. 1.2–1.5.
2
Figure 1.2: APC Slow Flyer propellers.
Figure 1.3: APC Sport propellers.
3
Figure 1.4: APC Thin Electric propellers.




The infrastructure of this experiment was developed by John Brandt, beginning in Summer
2003 and concluding in Summer 2004. Since then, little change has occurred. The primary
diﬀerence has been data acquisition at angles of yaw, which required minimal modiﬁcations
to the setup. This chapter will outline the wind tunnel facility, the overall system setup and
the means of acquiring and reducing the data.
2.1 Wind Tunnel Facility
The low-speed wind tunnel at UIUC, sketched in Fig. 2.1, was the host of the experiment.
The tunnel has a contraction ratio of 7.5:1, with a rectangular test section measuring 4.0 ft
(0.85 m) wide and 2.8 ft (1.22 m) high, with a length of 8 ft (2.44 m). In order to compensate
for boundary-layer growth, the width of the test section increases by roughly 0.5 in. along
its length. Figure 2.2 shows the diﬀuser where the ﬁve-bladed fan produces the airﬂow via a
125-hp (93.25-kW) AC motor. This combination can generate ﬂow speeds up to 234.67 ft/sec
(71.53 m/sec) in the test section, although the maximum speed for these tests never exceeded
80 ft/sec (24.39 m/sec).
The ideal testing conditions for any experiment involve the least amount of turbulence
as possible. In an eﬀort to provide such a condition, a 4-in. thick honeycomb layer exists at
the inlet of the tunnel. Immediately downstream of this layer are four screens designed to
further reduce the onset of turbulence. Using these measures, the turbulence intensity for
the empty tunnel has been determined to be less than 0.1% according to Reference [18].
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Figure 2.1: UIUC wind tunnel sketch (Ref. [18]).
Figure 2.2: Wind tunnel diﬀuser (Ref. [1]).
2.2 Setup
For the calculation of the performance characteristics, measurements of the thrust, normal
force, torque, propeller rotational speed, and the freestream ﬂow need to be taken. The
sections that follow provide descriptions of the these parameters and the equipment used.
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2.2.1 Thrust and Normal Force Measurement
In order to determine the propeller thrust or normal force, a load cell designed to operate in
tension was the chosen device. The load cell was an Interface SM-10 with a capacity of 10 lb,
well beyond the thrust capabilities of the given propellers. Depending on the anticipated
thrust of a propeller, this load cell was positioned in one of the ten holes in the pivot arm
of the apparatus, illustrated in Figure 2.3.
Figure 2.3: Complete test apparatus sans fairing (Ref. [1]).
The multiple holes act as diﬀerent moment arms between the rectangular post and the
load cell. This post transfers the thrust produced by the propeller from inside the test section
to the pivot arm of the apparatus. A symmetrical fairing was used to preclude the freestream
airﬂow from applying a force on the post, and thus aﬀecting the results. Part of the fairing,
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however, was removed for testing in yaw. The philosophy behind this stems from the high-
speed airﬂow within the propeller slipstream, also known as “propwash.” At any angle other
than zero, this propwash would essentially create lift on the fairing, which would translate to
an untraceable friction force on the rectangular post and ultimately adulterating the thrust
measurements. Therefore the bottom part of the fairing—the area where the propwash is
signiﬁcant—was removed, and a comparison between the two conﬁgurations is displayed in
Figure 2.4.
Figure 2.4: Bottom section removed to avoid propwash.
The minimum and maximum moment arms are 3.75 in. (9.53 cm) and 12.75 in. (32.39 cm),
respectively, with 1-in. increments. Using diﬀerent pivot arm holes allows the load cell to
be used for a wide range of propellers. For example, a 9-in. propeller would require the load
cell to be placed at least three holes away from the post. Testing an 11-in. propeller would
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overload the load cell in that hole, and thus the moment arm needs to be increased, hence
the load cell moves further away from the post. And while the former propeller can be tested
in the latter hole, the load cell range would be much less, resulting in less accuracy.
This apparatus essentially functions like a pendulum, where the thrust serves to provide
tension on the load cell by pivoting the apparatus about four ﬂexure pivots. These pivots,
manufactured by R.P. Luce & Co., are extremely sensitive cross springs situated between
rotating metal sleeves. Their advantage over conventional pivots or bearings is their lack
of hysterisis and stiction, enabling accurate measurements during both the calibration and
experimental phases.
To ensure lack of movement during a test, the wooden base of the apparatus was clamped
to the test section roof with two drill-press clamps. Since testing at multiple angles of yaw
requires constant rotation of the test rig, these clamps were ideal since they were eﬀortless
to release, yet provided enough force to render the rig inert when engaged.
2.2.2 Torque Measurement
Torque measurement was made possible by torque transducers manufactured by Transducer
Techniques
R
. Since a range of diameters were tested throughout the experiment, the an-
ticipated torque was not constant. For the smaller propellers, the RTS-25 model was used,
which has a capacity of 25 oz-in. When the diameter was 11 in., the RTS-100 transducer
was used, corresponding to a 100 oz-in. capacity. Using diﬀerent transducers provided higher
resolution at the corresponding torque values.
Figure 2.5 displays the torque transducer tightly connected to the motor housing on one
side, and to the rectangular post on the other. During a test, the motor would transfer the
propeller torque via the motor housing to the transducer. This setup thus provided a means
of acquiring the torque independently of the thrust.
9
Figure 2.5: Torque transducer installed behind the motor housing (Ref. [1]).
2.2.3 Propeller Speed Measurement
In order to obtain any performance data, knowledge of the freestream ﬂow and the rotational
speed of the propeller are required. This rotational speed was measured in revolutions per
minute (RPM), at a frequency of 20,000 Hz for a time period of 0.75 sec. Obtaining the
RPM values was facilitated by using a reﬂective sensor manufactured by Honeywell (Part
No. HOA1180-002) with a response time of 15 µsec.
This sensor, pictured in Fig. 2.6, consists of an infrared emitting diode that is placed
right next to a silicon phototransistor in a small, plastic compartment. When the sensor is
wired to a circuit, the diode continuously emits an infrared signal, which is acquired by the
phototransistor only when a reﬂective surface passes through its ﬁeld of view.
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Figure 2.6: Close-up view of the reﬂective sensor focused on the motor shaft.
For this experiment, the reﬂective surface was the aluminum propeller adapter that
was secured to the motor shaft. The sensor was then positioned such that the diode and
phototransistor were aimed directly at the adapter, with an optimum distance of 0.25 in.
(6.35 mm). A thin strip of black, splicing tape was used to cover roughly 75% of the adapter
circumference, thus providing a contrast between a reﬂective and absorptive surface. The
diﬀerence between these two surfaces would directly translate to a diﬀerence in the signal
output from the sensor, thereby providing a means to quantify the RPM using the data
acquisition software.
2.2.4 Freestream Flow Measurement
A standard pitot tube in conjunction with an Omega
R
GTMQSS T-type thermocouple and
pressure transducers were used to measure the freestream velocity and the dynamic pressure.
The pitot tube was placed 25.25 in. upstream of the propeller with 5.25 in. of clearance with
the test section ﬂoor; the thermocouple was attached to the side of the wind tunnel inlet;
the ambient pressure transducer was located in an adjacent room to the wind tunnel; and
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four diﬀerential pressure transducers were placed underneath the tunnel and connected to
the pitot tube. Tygon
R
Laboratory R-3603 tubing was used for the entire plumbing system.
The ambient and diﬀerential pressure transducers were manufactured by MKS Instru-
ments. Of the four diﬀerential pressure transducers, two had a 1-torr capacity (MKS 220DD),
while the other two had the ability to measure a pressure diﬀerential of 10 torr (MKS 221BD).
Each pair was comprised of a primary and backup transducer. The purpose behind using
transducers of diﬀerent magnitudes was to obtain higher resolution at the lower speeds.
Therefore, the 1-torr transducer was used when the freestream ﬂow was less than 40 ft/sec,
while the 10-torr was implemented when the velocity exceeded 40 ft/sec.
Although the freestream ﬂow can be measured using pressure probes located within the
inlet of the tunnel, the low test speeds would diminish the accuracy of these measurements.
Therefore, the aforementioned system is used for velocity and dynamic pressure calculations.
However, due to the location of the pitot tube, it is aﬀected by an induced velocity caused
by the propeller inﬂow. To account for this induced ﬂow, corrections can be applied to the
velocity measurements and will be discussed later.
2.2.5 Additional Experimental Equipment
Several additional components are required to fully perform the experiment. The driving
force behind the propeller is an AstroFlight 020 Planetary System. This system consists of
an 803P brushless, planetary motor, capable of reaching 40,000 RPM with a power limit of
200 watts; a gearbox with a 4.4:1 gear ratio and a 4-mm prop shaft diameter; and a 25-amp
sensorless speed controller equipped with a battery eliminator circuit. The “planetary” label
is derived from the gearbox conﬁguration, where the main gear is glued to the propeller shaft
and is driven by three gears that surround it.
The speed controller is connected to a BK Precision
R
power supply (Model BK1692),
which allows the user to vary both the voltage and the amperage. The ﬁnal piece of the
puzzle lies in controlling the motor, i.e. regulating the speed controller that drives it. This
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was accomplished by using a device known as a ServoXciter, manufactured by Vexa Control.
The designated purpose of the ServoXciter is to test servos by specifying a pulse width and
transmitting it via cables. In this instance, the pulse width was sent to the speed controller
instead. This was done by incorporating the ServoXciter into the data acquisition board
and using the software to set the appropriate pulse width, which consequently provided the
desired RPM.
2.3 Data Acquisition System
The hardware for data acquisition consisted of a 1.4-GHz, Precision-330 DellTM computer
and an analog-to-digital board from National InstrumentsTM. The 16-bit model was the
PCI-6031E which has a 0.0015% resolution of the full reading. It includes 32 input channels
and two digital-to-analog output channels that are 16 bit each. The accuracy of this board
is quite high, boasting a resolution of ±0.305 mV for a full-scale range of ±10.0 V.
LabVIEWTM provided the means to write the data acquisition code in C and to produce
a simple, yet complete Graphical User Interface (GUI). The GUI allowed the test engineer
to monitor values such as thrust, torque, RPM, ambient pressure, and temperature in a
real-time format. Thus if a problem occurred during a test, the operator would immediately
become aware of the issue and the appropriate action would be taken.
With regards to the RPM measurements, a high frequency and sampling rate are required
to suﬃciently gather data that would yield accurate results. This requirement, coupled with
a limitation on the data acquisition board, prevented the simultaneous acquisition of all the
parameters. After the program receives data from the reﬂective sensor at 20,000 Hz, it uses
a frequency of 3,000 Hz to gather data for the torque, thrust, temperature, and the ambient
and dynamic pressures. While this method is not entirely ideal, it is still highly reasonable.
This is justiﬁed by the fact that over an interval substantially longer than what the data
acquisition requires, the ﬂuctuations in the RPM are less than 0.1%.
13
2.4 Experimental Procedure
Similar to most experiments, these tests required setting up the hardware and software,
performing calibrations, and ultimately running the test. While preparing the tunnel requires
considerable hardware modiﬁcations, the software is much simpler. The calibration process
involves manually calibrating the load cell for measurements of thrust and normal force,
and calibrating the torque transducer for reliable torque values. Since the experiment deals
with extremely low values of pressure that are diﬃcult to replicate, the diﬀerential pressure
transducers are not manually calibrated in house, and the factory-calibrated values are used.
For the actual testing phase, both static and dynamic values are obtained. For a static test,
V = 0, whereas the freestream velocity is swept over a speciﬁed range during a dynamic test
for a given angle of yaw. The following sections provide more information for each phase.
2.4.1 Experimental Setup
The initial hardware setup of the experiment requires the installation of the appropriate
ceiling in the test section, along with the appropriate ﬂoor panel designed for the pitot tube.
This ceiling has already been marked with angles ranging from −90 deg to 135 deg in 15-deg
increments with respect to the tunnel centerline. The main test section ﬂoor is not critical,
as long as any gaps are covered with tape. This process is repeated for the ceiling as well to
ensure a smooth, steady stream of air into the test section and to prevent the wake boundary
layer from becoming unsteady. The test section windows do not require any taping as they
are securely shut with clamps and are not a source of leakage.
After the test section is ready, the fairing is placed into position and tightened with two
bolts from above. Now the apparatus can be installed by carefully feeding the rectangular
post through the cylinder of the fairing. The wires that run down the rectangular post are
for the motor, reﬂective sensor, and the torque transducer. The apparatus is then secured
to the ceiling with the drill-press clamps. Once the torque cell is tightened to the face plate
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at the end of the rectangular post, the supplied wire is connected to it and its other end
is inserted into a patch board situated at the side of the wind tunnel. This patch board is
a means of connecting devices to the signal conditioners (Model 2210 manufactured by the
Measurements Group) located in the control room, without having to use lengthy wires or
to relocate the signal conditioners themselves.
The purpose of a signal conditioner is to essentially receive a signal input, amplify it by
the desired amount, then output it. In addition, the signal conditioner serves to provide the
excitation voltage for a device. In this experiment, signal conditioners were used for the load
cell, torque transducer, and the thermocouple, which only required a signal ampliﬁcation.
The excitation voltage for the load cell and torque transducer was 10 V with a gain of 100,
while the thermocouple input signal was ampliﬁed by 1000.
Next the motor housing is attached to the torque transducer, followed by the motor and
the reﬂective sensor. The motor wires have purposefully been provided with signiﬁcant slack
so as to minimize any induced torque on the system. Any torque applied by the wires,
however, is taken into account in the calibration procedure. At this point, the load cell can
be placed in the appropriate hole in the pivot arm of the apparatus and connected via cable
to the patch board. The power supply and the speed controller are also placed on the ceiling
of the test section, along with the circuit board used by the reﬂective sensor. Since the load
cell is designed to operate only in tension, counterweight is placed at the end of the pivot
arm to provide virtual thrust. Zeros are taken before every run, thus the exact magnitude
of this thrust is irrelevant. Furthermore, since the rig is prone to vibrations caused by the
propeller, the counterweight is secured to the pivot arm with double-sided tape.
After the pitot tube is fastened to the ﬂoor panel, it needs to be connected to the
four diﬀerential pressure transducers. All these transducers require power, and the 1-torr
transducers need four hours to warm up before they can provide data accurately. The tubing
from the transducers is attached to a switchboard that consists of four valves, one for each
transducer. When performing a low-speed test, the 1-torr transducers need to be used.
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The valves are then conﬁgured so that the 10-torr transducers are both measuring ambient
pressure, implying they are not measuring anything from the pitot tube. When the test
calls for a high-speed run, the valves are all switched to negate the presence of the 1-torr
transducers.
At this time, all the cables need to be connected to the data acquisition board, which
then needs to be wired to the computer. The software setup merely involves the veriﬁcation
of the appropriate channels for each input and that the output from a measurement device
is accurately inputted into the system. Values for the ambient pressure and temperature
should also be authenticated to ensure they are reasonable. Lastly, it should be veriﬁed that
the software is able to control the wind tunnel velocity by regulating the RPM of the tunnel
fan. Calibration may now begin.
2.4.2 Calibration
To ensure accurate data is obtained from the measurement devices, a calibration procedure
is frequently performed. The load cell is calibrated for thrust, the torque transducer is
naturally calibrated for torque, and a veriﬁcation technique is applied to the diﬀerential
pressure transducers. Values from the ambient pressure transducer and the thermocouple
are compared with a barometer and thermometer, respectively.
Since the load cell can be placed in multiple holes in the pivot arm, multiple calibrations
are required throughout the experiment. Once the load cell has been calibrated for a speciﬁc
location in the apparatus, thrust data can be gathered for a series of runs. If a propeller
with a diﬀerent diameter is to be tested, the load cell needs to be shifted and the calibration
process begins anew.
Thrust calibration involves gradually imparting a known load to the system and recording
the output signal (voltage) from the load cell, thereby yielding a correlation between pounds
and volts. This is achieved by aﬃxing the designated propeller adapter to the motor shaft. A
string is tied to the adapter and is stretched over a frictionless pulley, illustrated in Fig. 2.7.
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The applied load comes from precision weights that are incrementally added to the end of the
string, while the data acquisition software records the values, implements a linear regression,
and produces a calibration slope. The goal is to obtain data points for the entire range of
the load cell without exceeding its limit. In addition, to guarantee that hysterisis does not
exist in the system, the applied load is both incrementally added and subtracted.
Figure 2.7: Thrust calibration setup.
An identical philosophy is applied to the torque transducer. The same precision weights
are used to provide a known load at a known distance. Figure 2.8 displays the aluminum
rod used to exert the torque on the system. At a distance of 5 in. from the center of the
transducer, the weights are incrementally hung on a string and the output signal (voltage)
from the torque transducer is recorded. Similar to the thrust calibration, the weights are
both added and subtracted to monitor any signs of hysterisis. A simple linear regression
formula is used to determine the calibration slope. It should be noted that the torque
calibration is performed after the entire setup is complete. Thus, if the presence of the
reﬂective sensor and the motor, its housing and wires create any undesirable torque, it will
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all be accounted for, assuring the notion that the measured torque comes from the propeller
and nothing else.
Figure 2.8: Moment calibration setup.
As previously mentioned, the diﬀerential pressure transducers are not calibrated in house.
They are, however, tested for consistent results for dynamic pressure at a given freestream
velocity. Furthermore, since the 10-torr transducers have 10 times more capacity than the
1-torr transducers, their output signal should be 10 times less than the 1-torr ones for a
given ﬂow speed.
2.4.3 Testing Procedure
After the calibration phase is completed, testing can begin. Based on the propeller at hand,
several initial inputs are obtained and fed into the software. The load cell location and the
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appropriate torque transducer are resolved as well. Each propeller undergoes a static test,
which is followed by dynamic tests at the desired yaw angles.
Once a propeller is designated for testing, its diameter is measured for the exact length.
This step is mainly necessary for the European propellers since they were designed in inter-
national units and do not exactly correspond to their indicated values in English units. For
all static tests, the test section windows were completely open and the wind tunnel fan was
at rest. Based on the expected thrust and torque outputs, the location for the load cell and
the capacity for the torque transducer are determined and appropriately set. Inputs to the
data acquisition software include the propeller name, run number, propeller diameter and
pitch, number of data points and the number of acquisition points per data point (values are
averaged), and the desired range of RPM. At this point, the program would automatically
set the RPM to the initial value, obtain data for thrust and torque, and continue until all
the data has been acquired.
For a dynamic test, the test section windows were closed and the diﬀerential pressure
transducers now came into play. All propellers began with a low-speed test, where the
freestream velocity ranged from 8 ft/sec to 40 ft/sec. At these low speeds, the 1-torr trans-
ducers were used since they provided high resolution at these conditions. The 10-torr trans-
ducers were used in the high-speed test that followed, in which the velocity began at 34 ft/sec
and escalated to 80 ft/sec. The velocity increment for both types of tests was set at 2 ft/sec.
Dynamic tests required two additional inputs to the program. These were the speciﬁed
RPM for the entire run, and the yaw angle of the propeller. At this stage, the test would
be ready to begin and similar to the static case, data acquisition was an automated process.
During a given run, only the thrust and torque can be simultaneously measured. In order
to obtain data for the normal force (which is perpendicular to the thrust) the pivot arm
above the test section must be rotated 90 deg to align itself with the direction of the normal
force. Doing so rotates the propeller by 90 deg, which is an unsought consequence. Therefore
the entire bottom section of the apparatus is rotated 90 deg in the opposite direction. For
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example, after the thrust and torque were obtained at β = 30 deg to the centerline, the
apparatus would then be rotated to 120 deg with respect to the centerline. But to return
the propeller to its original yaw angle of 30 deg, the bottom segment of the apparatus would
rotate −90 deg. Then the same test would be repeated, yet this time the measured quantities
would be torque and the normal force. In essence two sets of runs are required to get data
for the three parameters of thrust, normal force, and torque. This results in a repetitious
measurement of torque, but clearly this does not pose a problem. Figure 2.9 illustrates the
orientation of a propeller at multiple yaw angles.
Figure 2.9: The APC 11×7 Slow Flyer at β = 15, 30, and 45 deg.
While testing for normal force values, coupling was discovered to exist. With the pivot
arm and load cell aligned with the direction of the normal force, it was observed that in-
creasing the propeller RPM from rest aﬀects the load cell by placing it under compression.
Ideally, the thrust produced from the propeller would have no eﬀect on the normal force
measurement since its direction is perpendicular to it. But due to the setup of the test-
ing apparatus, these two forces were not completely independent. This initial compression
caused by the static thrust manifested itself with negative values for the normal force at
low advance ratios. As the ﬂow speed increased, however, the normal force grew stronger
and ultimately became positive. This was an undesirable eﬀect and methods to diminish its
inﬂuence and correct the normal force values are presented in Chapter 6.
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2.4.4 Testing Limitations
The general purpose of the experiment is to obtain as much data as possible over the intended
velocity range of 8 ft/sec–80 ft/sec. With this in mind, data acquisition continues unabated
until the breach of either of two limits is imminent. The ﬁrst limit is brought about from the
load cell. As the airﬂow is increased, there comes a point where the force of the freestream
velocity exceeds the propeller thrust. The load cell is only designed to work in tension;
negative thrust, however, translates to compression. To preserve the life of the load cell,
testing halts before this limit is reached.
The second limit aims to prevent damage to the motor. Another consequence of high
freestream velocity is the decline of the propeller torque. After the propeller is rotating at the
desired RPM, the airﬂow starts from rest and continues to gradually increase. This induces
a loss of torque, the limit of which is the “windmill” phase for the propeller. At this point,
the ﬂow passing through the propeller disk of rotation is actually expanded, rendering the
thrust vector in the opposite direction. This implies that the propeller is essentially driving
the motor. To prevent this from occurring, testing is terminated before the torque reaches
zero and enters the negative regime.
2.5 Data Reduction
The raw data received from the measurement devices are all in voltages. These need to
be converted to physical units using either the calibration slopes or the data acquisition
software. Physical values for the torque, thrust, normal force, dynamic pressure, and the
ambient pressure and temperature are obtained from their respective calibration data. The
data acquisition software is only required to process the reﬂective sensor signal. Because
the propeller adapter possesses both a reﬂective and absorptive surface, the sensor outputs
voltages of varying magnitude, which are processed by the software. After the limits are
obtained, the data points are individually assessed and categorized as either pertaining to a
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reﬂective or absorptive surface. The time interval between the two surfaces along with the
sampling rate are used to calculate the RPM.
To obtain the performance parameters, the density, freestream velocity, and the power










P = 2πnQ (2.3)
As previously stated, a correction scheme is applied to the velocity and is described in
the subsequent section. From the parameters obtained above, the desired non-dimensional
performance characteristics can be determined. They consist of the coeﬃcients of thrust,
normal force and power, in addition to the propeller eﬃciency and the advance ratio. De-
pending on the nature of the test, diﬀerent plots are produced. Static tests, where J = 0,
involve the plotting of the coeﬃcients of thrust and power against RPM. For dynamic tests,
where J > 0, the thrust, normal force, and power coeﬃcients along with the eﬃciency are






















Since the load cell is positioned outside of the test section, the forces it measures consists
of propeller thrust, normal force and the drag of the testing apparatus inside the wind
tunnel. The purpose of the load cell for this experiment is to only measure propeller thrust
and normal force, thus it would be useful to quantify the drag produced by the motor
housing, torque transducer, and fairing. This can be incorporated in the data reduction
process to provide more accurate values of the thrust and normal force coeﬃcients. While
this process was not taken into account for this experiment, several runs were performed
to obtain the data required for this correction. To compute the drag coeﬃcient as shown
below, the pressure transducers were used to obtain the dynamic pressure, and the sum of
the projected areas of the motor housing and torque transducer was used for the reference
area, S. Figure 2.10 shows the drag that is aligned with the thrust vector, while Fig. 2.11



















Figure 2.10: Variation of drag coeﬃcient in the thrust direction.













Figure 2.11: Variation of drag coeﬃcient in the normal force direction.
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2.5.1 Velocity Corrections
There are several reasons why the velocity needs to be corrected for this experiment: solid
blockage eﬀects, wall eﬀects, and the propeller inﬂow induced at the pitot tube. For any
test, solid blockage eﬀects should be taken into account since any object in the test section
reduces its cross-sectional area. This serves to increase the velocity in the surrounding region
of the object. The methodology behind this correction is derived from Reference [19], where







Values for K1 and τ1, which correspond to the thickness ratio of the object and the
ratio between the model span and the tunnel breadth, respectively, can also be found in
Reference [19]. The remaining quantities are V fairing, which represents the fairing volume
and C, which denotes the cross-sectional area of the test section.
For this experiment, the fairing was the source of the solid blockage eﬀect. Before the
experiment began, the bottom segment of the fairing was removed to prevent it from pro-
ducing any loads caused by the propwash. Thus the volume of that section was subtracted
while that of the exposed cylinder was added to the initial volume of the complete fairing.
Glauert’s formulation to correct for wall eﬀects was implemented in the data reduction
process, and can be found in Reference [20]. It is derived from a continuity standpoint
stating that the mass of air traveling at V upstream of the propeller must be the same after
it passes the propeller disk. But since the velocity of the air inside the propeller slipstream
is greater than V , the velocity of air between the slipstream and the tunnel walls must be
less than V . This creates a higher static pressure in that region, which is transferred to
the slipstream and ultimately the propeller, yielding an increase in thrust. Therefore the
velocity that would allow the propeller to produce said thrust would actually be less than
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Lastly, there are measures that correct for the propeller inﬂow at the pitot tube. While
this correction was not employed in the experiment due to the presence of yaw, its importance
warrants a brief discussion. During a test, the propeller causes the upstream ﬂow to increase
in velocity and converge towards its disk of rotation, thereby aﬀecting the ﬂow at the pitot
tube. To combat this ill eﬀect, a correction is implemented that involves simulating an
inﬁnitely-long, double helix vortex stretching downstream of the propeller. The primary
factors in this scenario are the propeller radius, helical pitch of the vortex, and its strength
which is derived from the disk loading, deﬁned as T/A. Matlab
R
is used to produce the
helical vortex system for a unit vortex strength. This system is essentially the data set
required for the multi-dimensional interpolations. This allows values for the velocity at the
pitot tube and the propeller disk to be determined. With the propeller set at an angle
of yaw, however, the curvature of the ﬂow is no longer uniform, and in fact resembles a
jet stream. This creates diﬀerent helical vortices downstream and renders this correction




Since the procedures implemented in this experiment are still in the early stages, it is para-
mount to verify the data. Initially, the quality of the performance characteristics was ex-
amined, along with the uncertainty of the devices used to obtained them in the ﬁrst place.
Secondly, the performance of a propeller was compared with its respective performance ob-
tained a year earlier in Ref. [1].
3.1 Uncertainty Analysis
To analyze the uncertainty of the data, techniques from Coleman & Steele [21] were used.
These methods were used to answer questions regarding the ambiguity of the freestream ﬂow,
in addition to the torque, thrust, normal force and eﬃciency of the propeller. Reference [22]
was used for the uncertainty analysis of the ambient pressure and temperature values. For
the RPM data, the response time of the reﬂective sensor, along with observations made
throughout several runs were incorporated in determining its uncertainty. Table 3.1 displays
the results of the analysis.
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Yaw Angle 0.677 deg
It is seen that the uncertainty in the data is small and can be considered negligible. In
fact, only the eﬃciency, thrust and normal force exude an uncertainty above half a percent.
The reader is asked to remember that the normal force is obtained in the same exact manner
as the thrust, therefore only two parameters should be considered in that “high-uncertainty
regime.” Assuming the uncertainty in the output signal from the load cell is minute, the
uncertainty in the physical thrust values are induced from the calibration slope. This slope
is completely dependent on the test engineer and based on the level of care, patience, and
dexterity, the slope accuracy is determined. The same principle is applied to the torque
calibration slope, however its uncertainty resulted in being less. The upper-lower bound
method of uncertainty propagation was used to determine the error in the measured yaw
angles.
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3.2 Repeatability of Measurements
To assure that the software and hardware setup is reliable and able to produce consistent
results, a repeatability test was performed. The APC 11x7 Slow Flyer propeller was tested
to obtain its performance parameters. This newly-acquired data was then compared with
results obtained 13 months earlier in March 2005. The thrust and power coeﬃcient data
is illustrated in Figs. 3.1 and 3.2, respectively, and the propeller eﬃciency is displayed in
Fig. 3.3. It can be seen that the thrust coeﬃcient data points are not exactly aligned; they
were higher in March 2005 at lower velocities.
Thrust is non-dimensionalized to its coeﬃcient form via air density, propeller rotational
speed, and diameter. In this experiment, the load cell measured the thrust voltage, which
was reduced to dimensional units using the computed thrust slope. The acquisition of
this slope involved great care and the obtained values for a given hole in the pivot arm
were consistent throughout the experiment. This induced a great deal of conﬁdence in the
calibration technique and the values for the slope.
When comparing the thrust slopes between the two experiments, the values are not
consistent. A diﬀerence is to be expected, however, since the ﬂexure pivots were exchanged
with stiﬀer ones after March 2005. This would imply that the thrust slope used in April
2006 (20.663 oz/V) should be less than the previous value (21.808 oz/V), which is clearly
true. But this 5.3% diﬀerence in slopes is not a cause for concern as long as the slopes are
true representative values of the setup. Analysis of the other parameters yielded a diﬀerence
in density of 0.51% and only a disparity of 0.19% was determined for the rotational velocity.
Thus the cause of the inconsistent thrust coeﬃcient values is inexplicable at this time.
For the power coeﬃcients obtained in March 2005, the motor wires were tightly bound to
the motor housing, thus inducing an extra torque on the system. This was remedied for the
current experiment and the previous data was re-reduced before comparison. The superb
agreement between the data validates the accuracy of the correction method.
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APC 11x7 Slow Flyer Ω = 5000
April 2006 March 2005
Figure 3.1: Thrust coeﬃcient comparison for the APC 11×7 propeller.







APC 11x7 Slow Flyer Ω = 5000
April 2006 March 2005
Figure 3.2: Power coeﬃcient comparison for the APC 11×7 propeller.
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APC 11x7 Slow Flyer Ω = 5000
April 2006 March 2005
Figure 3.3: Eﬃciency comparison for the APC 11×7 propeller.
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Chapter 4
Summary of Propeller Data
This chapter discusses the general trends observed throughout the experiment. All 12 pro-
pellers where either manufactured by APC or Graupner, and no improvements (such as
sanding or balancing) were made. Three versions of APC propellers were used, while data
for only a single Graupner model were gathered. In addition to the multiple styles, the
diameters and pitch were varied to see their eﬀect. The data was acquired at ﬁve diﬀerent
yaw angles for a single RPM setting. This rotational speed was chosen to be near the max-
imum achievable RPM of the propeller. Since propeller performance increases with RPM,
as shown in Ref. [1], it was desirable to study the yaw eﬀect with the propeller performing
at its peak.
The source of this performance improvement is the Reynolds number. The characteristic
length for the Reynolds number along the blade is based oﬀ the sectional chord value at the
75% radial station. At higher RPM, the Reynolds number for each section increases and
enhances the performance. A vast number of studies, including ones found in Refs. [18] and
[23]–[25] provide detailed analysis and data regarding this indisputable trend.
The most visible trend observed throughout the experiment was the increase in eﬃciency
with advancing yaw angles, which stems from an increase in the thrust coeﬃcient. As a
propeller is subject to sideslip, the area of the propeller disk normal to the ﬂow is reduced
by the cosine of the yaw angle. This cosine function then explains the non-linear improvement
in the thrust values, since there is less resistance from the oncoming ﬂow with increased yaw.
Be that as it may, an interesting and unexpected result was discovered when the thrust at
0 deg was actually measured to be relatively equal or higher than the thrust at 15 deg.
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This is clearly witnessed at the higher advance ratios in the thrust coeﬃcient ﬁgures and
is consistent for all propellers. At angles beyond 15 deg, however, the expected trend was
observed and the thrust gradually increased as the yaw angle became steeper. The power
and normal force characteristics behaved in a similar manner.
To further understand the cause of the sudden shift in performance between 30 and 40
deg, the variation in cosine for a given angle is analyzed in Table 4.1, where the diﬀerence
between cosine values of consecutive yaw angles is shown.
Table 4.1: Cosine Behavior for Tested Yaw Angles
β cos(β) % Diﬀerence
0 deg 1.0000 –
15 deg 0.9659 3.41%
30 deg 0.8660 10.34%
40 deg 0.7660 11.54%
45 deg 0.7071 7.69%
The greatest disparity lies between angles of 30 and 40 deg, where the diﬀerence is
11.54%. This explains why values for thrust and power exhibit the largest gap between
those two angles. But this same trend is not seen for the normal force data, where the main
performance shift occurs between angles of 15 and 30 deg. Based on the aforementioned
argument, one would expect the cosine function to once again resolve this dilemma. Careful
consideration of the testing procedure conﬁrms this suspicion.
Since measurements of thrust and normal force are performed with the load cell, the
angle between the pivot arm and the centerline is the key factor in explaining the trend. As
previously stated, the rig is rotated 90 deg to obtain values for the normal force for a given
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yaw angle. For example, measuring the normal force at β = 30 deg requires the pivot arm
to be at an angle of 120 deg. Thus for any angle of yaw, the pivot arm is situated at the
yaw angle plus 90 deg. Taking this into account, Table 4.2 displays the cosine behavior for
the normal force runs.
Table 4.2: Cosine Behavior for Normal Force Runs
β β + 90 cos(β + 90) % Diﬀerence
15 deg 105 deg -0.2588 –
30 deg 120 deg -0.5000 93.19%
40 deg 130 deg -0.6428 28.56%
45 deg 135 deg -0.7071 10.01%
It is evident that testing for normal force with β = 30 deg yields a large diﬀerence
compared to β = 15 deg, and that the separation declines dramatically for angles of 40 and
45 deg. The small variation in performance at the latter two angles, coupled with the high
degree of deviation among the former two angles verify this argument.
4.1 APC Propellers
The APC models were of the Slow Flyer, Sport, and Thin Electric varieties. The Slow
Flyer and Thin Electric propellers were meant to provide thrust with electric engines, while
the bulkier, Sport propellers were designed for gas engines. These engines require a starter
motor that exerts a high start-up torque on the propeller and consequently, the hubs of
Sport propellers are thickened to withstand this level of torque. The Thin Electric models
are composite propellers, while the Sport and Slow Flyer propellers are made with carbon-
reinforced nylon. A noteworthy trait of the airfoils used for the Slow Flyer propellers is their
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low thickness ratios, allowing them to be considerably quieter.
The most visible trait of the APC Slow Flyer propellers is the decline of the normal
force with increasing diameter. This is of little surprise since the normal force coeﬃcient is
inversely proportional to the fourth power of the diameter. Analyzing the Sport propellers
provides insight on the eﬀect of pitch on the normal force. It was observed that as the pitch
increased from 4 to 6 to 10 in., the normal force grew by 23.66% and 54.09%, respectively.
Thus there is a direct relationship between propeller pitch and the normal force. Among the
three Sport propellers, two of them provided noteworthy performances. The 10×4 propeller
displayed virtually no change in the thrust coeﬃcient between yaw angles of 0 and 15 deg,
and only a small eﬀect was observed in the power characteristics. For the 10×10 Sport, a
moderate oscillation in the power coeﬃcient was witnessed for the ﬁrst time. Typically the
power decreases with advancing J , yet this propeller actually increased its torque midway
through its run. For the Thin Electric propellers, the relatively constant power coeﬃcient of
0.05 for J ≤ 0.4 was a consistent trend for all three propellers, regardless of their diameter
or pitch values.
4.2 Graupner Propellers
Although Graupner manufactures several models of propellers, including Slim, CAM Slim,
and Super Nylon, only the CAM (Computer Aided Manufacturing) propellers were chosen
for this experiment. This was based on their widespread use and their reputation of high
craftsmanship. These propellers are made from carbon ﬁber-reinforced plastic and are ex-
tremely stiﬀ with sharp leading edges. While these propellers exhibit thick hubs similar to
the APC Sport models, they are only designed for electric engines.
The same general trends were observed for the Graupner propellers. Their eﬃciencies
increased with the yaw angle, except for the case between angles of 0 and 15 deg. The
normal force and power coeﬃcient increased accordingly with the angle of yaw. The eﬀects
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of diameter and pitch on the normal force coincided with those of the APC propellers. For
constant pitch, the increase in diameter by 1 in. from the 10×8 to the 11×8 CAM model
reduced the peak normal force coeﬃcient by 20.24%. Comparing the peak normal force
values between the 9×4 and 10×8 values results in a much diﬀerent outcome. While the
diameter is also increased by just 1 in., the peak value was elevated by 44.42% in this case.
This is brought about by the doubling of the pitch between these two propellers. Although
increasing the diameter and pitch have opposing eﬀects, the larger magnitude of the pitch
increase outweighed the inﬂuence of the diameter expansion.
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Chapter 5
Propeller Geometry and Performance
Data
The ﬁnal results of the performance characteristics from the experiment are presented here
in Chapter 5, and a summary of the 12 propellers is tabulated in Table 5.1. For a given
propeller, the geometric characteristics are initially displayed followed by the propeller eﬃ-
ciency. Then the coeﬃcients of thrust, normal force, and power are presented, and the static
cases appear last. The tabulated form of this entire data set can be found in Appendices
A–C.
The geometric characteristics were obtained through a German software program aptly
named PropellerScanner (Ref. [26]). The images implemented in the software that produced
the chord and twist distributions are also displayed on the same page. The plots showing the
propeller performance for a thrust run display the eﬃciency, thrust coeﬃcient, and power
coeﬃcient values for all yaw angles, in addition to β = 0 deg. The normal force run only
produced a single plot and the variation of the normal force coeﬃcient with yaw is illustrated.
Lastly, the static plots also include the Reynolds number for reference. This was computed
with the propeller rotational speed and the sectional chord value at the 75% radial station
as the characteristic length.
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Table 5.1: List of Propellers Tested
Brand Style Model Designation
APC Slow Flyer LP09075 9×7.5
LP10070sf 10×7
LP11070sf 11×7
APC Sport LP10040 10×4
LP10060 10×6
LP10010 10×10
APC Thin Electric LP09060e 9×6
LP10070e 10×7
LP11070e 11×7











APC Slow Flyer 9x7.5









Figure 5.1: APC Slow Flyer 9×7.5 geometric characteristics.
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Figure 5.2: APC Slow Flyer 9×7.5 eﬃciency curves.













Figure 5.3: APC Slow Flyer 9×7.5 thrust characteristics.
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Figure 5.4: APC Slow Flyer 9×7.5 normal force characteristics.












Figure 5.5: APC Slow Flyer 9×7.5 power characteristics.
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Figure 5.6: APC Slow Flyer 9×7.5 static thrust.











Figure 5.7: APC Slow Flyer 9×7.5 static power.
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APC Slow Flyer 10x7









Figure 5.8: APC Slow Flyer 10×7 geometric characteristics.
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Figure 5.9: APC Slow Flyer 10×7 eﬃciency curves.













Figure 5.10: APC Slow Flyer 10×7 thrust characteristics.
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Figure 5.11: APC Slow Flyer 10×7 normal force characteristics.












Figure 5.12: APC Slow Flyer 10×7 power characteristics.
45












Figure 5.13: APC Slow Flyer 10×7 static thrust.










Figure 5.14: APC Slow Flyer 10×7 static power.
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APC Slow Flyer 11x7









Figure 5.15: APC Slow Flyer 11×7 geometric characteristics.
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Figure 5.16: APC Slow Flyer 11×7 eﬃciency curves.













Figure 5.17: APC Slow Flyer 11×7 thrust characteristics.
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Figure 5.18: APC Slow Flyer 11×7 normal force characteristics.












Figure 5.19: APC Slow Flyer 11×7 power characteristics.
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Figure 5.20: APC Slow Flyer 11×7 static thrust.










Figure 5.21: APC Slow Flyer 11×7 static power.
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Figure 5.22: APC Sport 10×4 geometric characteristics.
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Figure 5.23: APC Sport 10×4 eﬃciency curves.













Figure 5.24: APC Sport 10×4 thrust characteristics.
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Figure 5.25: APC Sport 10×4 normal force characteristics.












Figure 5.26: APC Sport 10×4 power characteristics.
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Figure 5.27: APC Sport 10×4 static thrust.










Figure 5.28: APC Sport 10×4 static power.
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APC Sport Propeller 10x6









Figure 5.29: APC Sport 10×6 geometric characteristics.
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Figure 5.30: APC Sport 10×6 eﬃciency curves.













Figure 5.31: APC Sport 10×6 thrust characteristics.
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Figure 5.32: APC Sport 10×6 normal force characteristics.












Figure 5.33: APC Sport 10×6 power characteristics.
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Figure 5.34: APC Sport 10×6 static thrust.










Figure 5.35: APC Sport 10×6 static power.
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Figure 5.36: APC Sport 10×10 geometric characteristics.
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Figure 5.37: APC Sport 10×10 eﬃciency curves.













Figure 5.38: APC Sport 10×10 thrust characteristics.
60













Figure 5.39: APC Sport 10×10 normal force characteristics.












Figure 5.40: APC Sport 10×10 power characteristics.
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Figure 5.41: APC Sport 10×10 static thrust.











Figure 5.42: APC Sport 10×10 static power.
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APC Thin Electric 9x6









Figure 5.43: APC Thin Electric 9×6 geometric characteristics.
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Figure 5.44: APC Thin Electric 9×6 eﬃciency curves.













Figure 5.45: APC Thin Electric 9×6 thrust characteristics.
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Figure 5.46: APC Thin Electric 9×6 normal force characteristics.












Figure 5.47: APC Thin Electric 9×6 power characteristics.
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Figure 5.48: APC Thin Electric 9×6 static thrust.










Figure 5.49: APC Thin Electric 9×6 static power.
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APC Thin Electric 10x7










Figure 5.50: APC Thin Electric 10×7 geometric characteristics.
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Figure 5.51: APC Thin Electric 10×7 eﬃciency curves.













Figure 5.52: APC Thin Electric 10×7 thrust characteristics.
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Figure 5.53: APC Thin Electric 10×7 normal force characteristics.












Figure 5.54: APC Thin Electric 10×7 power characteristics.
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Figure 5.55: APC Thin Electric 10×7 static thrust.










Figure 5.56: APC Thin Electric 10×7 static power.
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APC Thin Electric 11x7










Figure 5.57: APC Thin Electric 11×7 geometric characteristics.
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Figure 5.58: APC Thin Electric 11×7 eﬃciency curves.













Figure 5.59: APC Thin Electric 11×7 thrust characteristics.
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Figure 5.60: APC Thin Electric 11×7 normal force characteristics.












Figure 5.61: APC Thin Electric 11×7 power characteristics.
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Figure 5.62: APC Thin Electric 11×7 static thrust.










Figure 5.63: APC Thin Electric 11×7 static power.
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Figure 5.64: Graupner CAM 9×4 geometric characteristics.
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Figure 5.65: Graupner CAM 9×4 eﬃciency curves.













Figure 5.66: Graupner CAM 9×4 thrust characteristics.
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Figure 5.67: Graupner CAM 9×4 normal force characteristics.












Figure 5.68: Graupner CAM 9×4 power characteristics.
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Figure 5.69: Graupner CAM 9×4 static thrust.










Figure 5.70: Graupner CAM 9×4 static power.
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Figure 5.71: Graupner CAM 10×8 geometric characteristics.
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Figure 5.72: Graupner CAM 10×8 eﬃciency curves.













Figure 5.73: Graupner CAM 10×8 thrust characteristics.
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Figure 5.74: Graupner CAM 10×8 normal force characteristics.












Figure 5.75: Graupner CAM 10×8 power characteristics.
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Figure 5.76: Graupner CAM 10×8 static thrust.










Figure 5.77: Graupner CAM 10×8 static power.
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Figure 5.78: Graupner CAM 11×8 geometric characteristics.
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Figure 5.79: Graupner CAM 11×8 eﬃciency curves.













Figure 5.80: Graupner CAM 11×8 thrust characteristics.
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Figure 5.81: Graupner CAM 11×8 normal force characteristics.












Figure 5.82: Graupner CAM 11×8 power characteristics.
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Figure 5.83: Graupner CAM 11×8 static thrust.














While the majority of the observed trends throughout the experiment were expected, there
was also behavior that was not be readily apparent. With regards to propeller performance
at low Reynolds numbers, the fundamental trend of an increase in eﬃciency with advancing
yaw angle was witnessed and is consistent with performance of full-scale propellers that
operate at high Reynolds numbers. This is, of course, when the thrust vector is aligned with
the axis of the propeller, as is the case in regular ﬂight. If for some reason, the propeller
axis is skewed with the thrust vector of the aircraft, the trends would be reversed.
The underlying cause of the performance variation lies with the cosine function, since
the behavior of the yaw angle and the corresponding characteristics rely on cosine. This is
primarily due to the area of the propeller disk normal to the ﬂow and how the resistance
of the oncoming ﬂow applies to a smaller area with the presence of yaw. A major beneﬁt
of the dependence of the performance on cosine is that it facilitates ﬁrst-order predictions.
Naturally there are other factors involved, and propeller aerodynamics is much too complex
to be simpliﬁed to a single function. Case in point is the fact that the thrust at 0 deg was
greater than the thrust at 15 deg, even though the value of cosine at 15 deg is less than
unity. Nevertheless, behavioral knowledge of cosine was instrumental in understanding the
sudden shifts in performance.
Another noteworthy observation was the negative values for the normal force coeﬃcient
at low advance ratios. These values carry the implication that the normal force is facing the
opposite direction of that pictured in Fig. 1.1. While lower normal force values are certainly
to be expected at low advance ratios, they should not be less than zero. The most likely
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explanation is also the simplest one: the existence of coupling in the testing apparatus.
While the possibility of testing in yaw for normal force measurements was an option at
the time of the apparatus assembly, the likelihood of coupling was never examined. This
experiment has thus served to not only obtain data for the normal force, but it has also
uncovered this ﬂaw for future considerations.
6.1 Future Work
Without any reservations of being modest, the overall quality of this experiment can be
enhanced. Since this author is only the second test engineer to have used this setup, it is
completely natural that a large window of improvement exists. Correcting the normal force
measurement technique is at the forefront of the tasks to be performed. Before the apparatus
is replaced or modiﬁed in any way, a simple procedure can be performed to create a data
set that will allow the normal force coeﬃcients to be corrected.
This of course is related to the presence of coupling in the system. Since eliminating the
coupling is not an immediate option, the next best course of action is to quantify it. This
entails setting up the apparatus as if normal force measurements are to be taken. A constant,
known load is applied to the bottom of the rectangular post, which simulates the normal
force. Load application is performed in the same manner as the calibration procedure, where
precision weights and a frictionless pulley are used. To simulate propeller thrust (which is
perpendicular to the initial applied load), a similar combination of weights and a pulley can
be used to incrementally increase the thrust. The weights should correspond to dimensional
values obtained in the experiment. Once a range of thrust has been applied and measured,
the load used for the normal force can now be increased to a slightly higher value. This
process is then repeated several times until a three-dimensional plot is produced. This plot
will then serve to correct the data gathered in the current experiment.
Another source of data improvement involves using the drag coeﬃcient of the motor
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housing ﬁxture in the data reduction process. The preliminary steps have already been
taken by measuring the drag at several ﬂow speeds. It is seen that after the velocity reaches
32 ft/sec, the drag begins to plateau and is relatively constant. Thus the correction for
the thrust and normal force coeﬃcients is more signiﬁcant at low advance ratios. Besides
measuring the drag at smaller increments for a more complete data set, a fairing can be
assembled to shield the motor housing and torque transducer in hopes of reducing the drag.
This streamlined ﬁxture should have the durability to withstand the high ﬂow speeds, while
enabling the test engineer to remove it without much diﬃculty.
To ensure accuracy of the data, checking for leaks in the plumbing system of the pres-
sure transducers should be performed prior to every test. In the preliminary stages of this
experiment, the appropriate hardware was assembled to allow the pressure transducers to
be checked outside of the wind tunnel. Another important improvement to testing in yaw is
to incorporate the velocity correction for the propeller inﬂow at the pitot tube. The need for
this correction is greatly enhanced when the propeller diameter exceeds its current maximum
value of 11 in. The larger diameter would increase the area aﬀected by the convergence and
passage of air through the propeller disk, and consequently yield a higher inﬂuence on the
ﬂow at the pitot tube.
The more rudimentary improvements involve incorporating the torque cell calibration
procedure in the data acquisition software, using Spiderwire for calibration, and purchasing
a new reﬂective sensor prior to data acquisition. The current setup for the torque calibration
was outlined in Section 2.4.2 and while it is yielding accurate values that are manually
fed into the software, the lack of automation can potentially produce inaccurate torque
measurements if one were to forget to update the newly-found calibration slope. Once the
procedure is incorporated in the software similar to the thrust calibration, the test engineer
can be conﬁdent that the measured values are accurate.
During the calibration phase, it was noticed that the string currently used to hold the
precision weights is showing mild signs of fatigue and can be the cause of hysterisis in the
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future. To prevent this from occurring, the use of a more rigid wire such as Spiderwire is
suggested. Spiderwire is extremely tough and is manufactured from gel-spun polyethylene
ﬁbers. Since it lacks any tendency to stretch, it is a suitable option for thrust and torque
calibration. The recommendation to purchase a new reﬂective sensor before every experiment
is two-fold: i) its high degree of sensitivity and fragile wires can easily be damaged, thus
negating the ability to measure the propeller speed and ii) piece of mind regarding the quality
of the acquired data is priceless, and the fact that the sensor is an extremely low-cost item
makes it a necessary purchase.
Lastly, the realms of 3-bladed and folding propellers have yet to be explored. Each would
require its own setup modiﬁcation, yet the results would be just as useful as those found
herein and the data gathered in Ref. [1]. Many airplanes still use 3-bladed propellers, and
a signiﬁcant number of sailplanes take advantage of folding propellers by allowing them to
sweep back against the fuselage to reduce drag while cruising. Although jet engines have
become more popular in the last half-century, propeller performance data will always be of




Appendix A details the geometric characteristics of the propellers used in the experiment,
with a summary provided in Table A.1. The chord and pitch distributions for all propellers
were obtained by digitizing them with the PropellerScanner software. This was achieved
by using both a top–view and side–view image of a propeller at high resolution. Inputs to
the program included the thickness ratios and the true diameter of the propeller, while the
sectional chord value at the 75% radial station was returned. It should be mentioned that
the thickness ratios for the propeller hub and tip seen in Table A.1 are not the exact airfoil
values, but are estimates. It was observed that their values did not signiﬁcantly alter the
data.
91
Table A.1: Summary of Propeller Geometry
Brand Style Designation (t/c)hub (t/c)tip Dtrue (in.) c0.75R (in.)
APC Slow Flyer 9×7.5 0.06 0.06 9.00 0.717
10×7 0.06 0.06 10.05 0.990
11×7 0.06 0.06 11.00 1.111
APC Sport 10×4 0.12 0.08 10.00 0.611
10×6 0.12 0.08 10.00 0.770
10×10 0.12 0.08 10.00 0.616
APC Thin Electric 9×6 0.12 0.06 9.00 0.675
10×7 0.12 0.06 10.00 0.645
11×7 0.12 0.06 11.00 0.688
Graupner CAM Prop 9×4 0.12 0.06 9.10 0.551
10×8 0.12 0.06 10.00 0.675













































































































































































































































































Tabulated Static Performance Data
Tabulated values for the static thrust and power coeﬃcients are listed here in Appendix B.














































































































































































































































































Appendix C provides the tabular form of the performance data for all the plots presented
in Chapter 5 in the same order. The ﬁrst data set consists of the performance parameters
obtained in a thrust run, namely the thrust and power coeﬃcients, propeller eﬃciency, and
the advance ratio where these values were obtained. The uncorrected values for the advance
ratio and eﬃciency are also provided—these were computed with the measured velocity.
The second data set is comprised of all the data for a normal force run, and the uncorrected








β = 0 deg
J CT CP η Ju ηu
0.119 0.1605 0.1039 0.184 0.125 0.193
0.150 0.1577 0.1032 0.230 0.156 0.239
0.179 0.1551 0.1028 0.270 0.184 0.278
0.209 0.1522 0.1024 0.310 0.214 0.318
0.237 0.1492 0.1021 0.347 0.242 0.354
0.265 0.1463 0.1018 0.381 0.270 0.388
0.294 0.1423 0.1011 0.414 0.299 0.421
0.323 0.1388 0.1007 0.446 0.328 0.452
0.353 0.1344 0.1001 0.474 0.358 0.480
0.381 0.1295 0.0992 0.497 0.385 0.502
0.408 0.1240 0.0981 0.516 0.412 0.521
0.442 0.1171 0.0963 0.537 0.445 0.541
0.467 0.1111 0.0944 0.550 0.470 0.554
0.501 0.1031 0.0916 0.564 0.504 0.567
0.526 0.0972 0.0895 0.571 0.529 0.574
0.554 0.0902 0.0869 0.575 0.556 0.577
0.586 0.0828 0.0843 0.576 0.588 0.577
Run: 1606kt
β = 0 deg
J CT CP η Ju ηu
0.496 0.1050 0.0923 0.565 0.499 0.568
0.523 0.0986 0.0900 0.573 0.526 0.576
0.555 0.0912 0.0874 0.579 0.557 0.581
0.581 0.0852 0.0853 0.581 0.583 0.582
0.612 0.0777 0.0823 0.578 0.613 0.579
0.640 0.0707 0.0795 0.570 0.641 0.571
0.666 0.0648 0.0771 0.560 0.667 0.561
0.705 0.0552 0.0731 0.532 0.705 0.533
0.729 0.0495 0.0708 0.509 0.730 0.510
0.763 0.0414 0.0675 0.467 0.763 0.467
0.786 0.0349 0.0647 0.424 0.786 0.424
0.820 0.0260 0.0605 0.352 0.819 0.352
0.842 0.0199 0.0578 0.289 0.841 0.289
0.879 0.0086 0.0523 0.145 0.878 0.145
0.908 -0.0007 0.0478 -0.014 0.906 -0.014
0.938 -0.0110 0.0427 -0.241 0.936 -0.241
0.965 -0.0203 0.0378 -0.518 0.963 -0.517
0.995 -0.0308 0.0324 -0.947 0.993 -0.944
1.023 -0.0406 0.0272 -1.527 1.021 -1.523
1.054 -0.0511 0.0220 -2.447 1.051 -2.440
1.080 -0.0610 0.0164 -4.022 1.077 -4.010
1.105 -0.0716 0.0100 -7.911 1.102 -7.884
Run: 1607kt
β = 15 deg
J CT CP η Ju ηu
0.119 0.1600 0.1044 0.182 0.125 0.191
0.144 0.1572 0.1038 0.218 0.150 0.227
0.176 0.1540 0.1033 0.263 0.182 0.271
0.204 0.1508 0.1028 0.300 0.210 0.308
0.235 0.1474 0.1025 0.338 0.240 0.346
0.266 0.1433 0.1017 0.375 0.271 0.382
0.295 0.1397 0.1013 0.407 0.300 0.414
0.325 0.1357 0.1008 0.437 0.330 0.444
0.355 0.1308 0.1001 0.464 0.359 0.469
0.382 0.1263 0.0993 0.486 0.386 0.491
0.414 0.1199 0.0980 0.507 0.418 0.511
0.442 0.1140 0.0966 0.522 0.446 0.526
0.469 0.1076 0.0951 0.531 0.472 0.535
0.497 0.1011 0.0933 0.538 0.499 0.541
0.529 0.0918 0.0901 0.539 0.531 0.541
0.556 0.0852 0.0882 0.537 0.558 0.539
0.588 0.0770 0.0855 0.529 0.589 0.531
Run: 1608kt
β = 15 deg
J CT CP η Ju ηu
0.495 0.1018 0.0932 0.541 0.498 0.544
0.525 0.0946 0.0912 0.544 0.527 0.547
0.551 0.0881 0.0891 0.545 0.553 0.547
0.584 0.0792 0.0861 0.537 0.586 0.539
0.609 0.0730 0.0842 0.528 0.610 0.529
0.636 0.0661 0.0818 0.514 0.638 0.515
0.672 0.0570 0.0785 0.487 0.672 0.488
0.697 0.0507 0.0764 0.462 0.697 0.463
0.722 0.0443 0.0740 0.432 0.722 0.432
0.757 0.0347 0.0701 0.375 0.757 0.374
0.782 0.0281 0.0675 0.325 0.781 0.325
0.822 0.0171 0.0632 0.222 0.822 0.222
0.844 0.0107 0.0606 0.149 0.843 0.149
0.878 0.0004 0.0561 0.006 0.876 0.006
0.899 -0.0058 0.0535 -0.097 0.897 -0.097
0.936 -0.0186 0.0480 -0.364 0.934 -0.363
0.967 -0.0288 0.0433 -0.642 0.965 -0.641
0.995 -0.0388 0.0388 -0.995 0.992 -0.993
1.023 -0.0494 0.0340 -1.485 1.020 -1.481
1.053 -0.0607 0.0287 -2.231 1.050 -2.224
1.081 -0.0709 0.0240 -3.198 1.077 -3.187
1.110 -0.0822 0.0186 -4.905 1.106 -4.887
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Run: 1609kt
β = 30 deg
J CT CP η Ju ηu
0.120 0.1578 0.1049 0.181 0.126 0.190
0.151 0.1544 0.1043 0.223 0.157 0.232
0.175 0.1524 0.1043 0.256 0.181 0.264
0.205 0.1488 0.1036 0.295 0.210 0.302
0.233 0.1458 0.1033 0.329 0.238 0.336
0.264 0.1421 0.1028 0.365 0.269 0.372
0.293 0.1384 0.1022 0.397 0.298 0.403
0.326 0.1343 0.1018 0.430 0.330 0.436
0.354 0.1302 0.1012 0.456 0.358 0.461
0.383 0.1259 0.1006 0.480 0.387 0.485
0.411 0.1218 0.1001 0.500 0.415 0.505
0.441 0.1169 0.0991 0.520 0.445 0.524
0.469 0.1121 0.0983 0.535 0.472 0.538
0.496 0.1072 0.0973 0.546 0.499 0.549
0.525 0.1009 0.0956 0.554 0.528 0.557
0.553 0.0949 0.0940 0.558 0.555 0.560
0.581 0.0893 0.0927 0.559 0.583 0.561
Run: 1610kt
β = 30 deg
J CT CP η Ju ηu
0.492 0.1081 0.0972 0.547 0.495 0.550
0.523 0.1025 0.0961 0.558 0.526 0.561
0.551 0.0966 0.0946 0.563 0.554 0.565
0.579 0.0911 0.0932 0.565 0.581 0.567
0.612 0.0839 0.0913 0.563 0.614 0.564
0.644 0.0768 0.0893 0.554 0.645 0.555
0.670 0.0709 0.0876 0.542 0.671 0.542
0.702 0.0633 0.0852 0.521 0.703 0.522
0.729 0.0574 0.0834 0.502 0.729 0.502
0.756 0.0514 0.0815 0.477 0.756 0.477
0.792 0.0426 0.0784 0.430 0.791 0.430
0.818 0.0360 0.0762 0.386 0.817 0.386
0.842 0.0297 0.0741 0.337 0.841 0.337
0.879 0.0192 0.0704 0.239 0.878 0.239
0.904 0.0126 0.0681 0.167 0.902 0.167
0.937 0.0029 0.0644 0.043 0.936 0.043
0.958 -0.0027 0.0625 -0.041 0.956 -0.041
0.994 -0.0139 0.0579 -0.238 0.992 -0.238
1.017 -0.0205 0.0555 -0.375 1.015 -0.375
1.052 -0.0317 0.0508 -0.656 1.050 -0.654
1.073 -0.0379 0.0484 -0.840 1.070 -0.838
1.112 -0.0509 0.0428 -1.323 1.109 -1.319
1.129 -0.0567 0.0406 -1.576 1.126 -1.572
1.169 -0.0700 0.0346 -2.361 1.166 -2.354
Run: 1611kt
β = 40 deg
J CT CP η Ju ηu
0.118 0.1577 0.1060 0.176 0.124 0.185
0.147 0.1549 0.1058 0.215 0.153 0.224
0.175 0.1522 0.1055 0.252 0.180 0.260
0.206 0.1491 0.1051 0.292 0.211 0.299
0.233 0.1461 0.1046 0.325 0.238 0.332
0.264 0.1427 0.1041 0.362 0.269 0.369
0.292 0.1400 0.1038 0.394 0.297 0.401
0.323 0.1368 0.1034 0.427 0.327 0.433
0.353 0.1337 0.1030 0.458 0.357 0.463
0.381 0.1305 0.1025 0.485 0.385 0.490
0.409 0.1269 0.1021 0.509 0.413 0.513
0.438 0.1231 0.1016 0.531 0.442 0.535
0.471 0.1188 0.1012 0.553 0.474 0.557
0.499 0.1147 0.1006 0.569 0.502 0.572
0.528 0.1102 0.0998 0.582 0.530 0.586
0.556 0.1058 0.0991 0.593 0.558 0.596
0.580 0.1019 0.0986 0.600 0.582 0.602
Run: 1612kt
β = 40 deg
J CT CP η Ju ηu
0.495 0.1159 0.1005 0.571 0.498 0.574
0.524 0.1114 0.0997 0.586 0.527 0.589
0.553 0.1073 0.0992 0.598 0.556 0.601
0.581 0.1028 0.0985 0.606 0.584 0.609
0.608 0.0978 0.0976 0.610 0.610 0.612
0.642 0.0920 0.0965 0.612 0.643 0.613
0.669 0.0869 0.0954 0.609 0.671 0.611
0.703 0.0807 0.0943 0.602 0.705 0.603
0.725 0.0762 0.0930 0.594 0.726 0.595
0.752 0.0713 0.0918 0.584 0.752 0.584
0.791 0.0628 0.0894 0.555 0.791 0.556
0.815 0.0586 0.0885 0.540 0.816 0.540
0.843 0.0527 0.0869 0.511 0.843 0.511
0.878 0.0457 0.0847 0.474 0.878 0.474
0.903 0.0401 0.0830 0.437 0.903 0.437
0.931 0.0341 0.0812 0.391 0.931 0.391
0.957 0.0286 0.0795 0.345 0.956 0.344
0.995 0.0199 0.0763 0.259 0.993 0.259
1.020 0.0139 0.0742 0.191 1.019 0.191
1.046 0.0081 0.0723 0.116 1.044 0.116
1.081 -0.0006 0.0689 -0.010 1.079 -0.010
1.107 -0.0074 0.0664 -0.123 1.105 -0.123
1.131 -0.0132 0.0645 -0.232 1.128 -0.231
1.169 -0.0240 0.0604 -0.464 1.166 -0.463
100
Run: 1613kt
β = 45 deg
J CT CP η Ju ηu
0.120 0.1576 0.1065 0.178 0.126 0.187
0.151 0.1548 0.1062 0.220 0.157 0.228
0.175 0.1523 0.1058 0.252 0.181 0.260
0.205 0.1497 0.1056 0.291 0.211 0.299
0.236 0.1470 0.1054 0.330 0.241 0.337
0.265 0.1441 0.1050 0.363 0.270 0.370
0.293 0.1417 0.1046 0.396 0.297 0.403
0.323 0.1390 0.1042 0.431 0.328 0.437
0.353 0.1361 0.1037 0.463 0.358 0.469
0.382 0.1333 0.1035 0.492 0.386 0.497
0.410 0.1301 0.1032 0.517 0.414 0.522
0.439 0.1269 0.1030 0.541 0.443 0.545
0.467 0.1237 0.1028 0.562 0.471 0.567
0.496 0.1202 0.1025 0.582 0.499 0.586
0.521 0.1173 0.1023 0.598 0.524 0.601
0.557 0.1120 0.1013 0.616 0.560 0.619
0.587 0.1079 0.1007 0.629 0.589 0.631
Run: 1614kt
β = 45 deg
J CT CP η Ju ηu
0.493 0.1208 0.1025 0.581 0.496 0.585
0.525 0.1168 0.1020 0.601 0.528 0.605
0.553 0.1131 0.1017 0.616 0.556 0.619
0.587 0.1086 0.1010 0.631 0.589 0.634
0.615 0.1044 0.1002 0.640 0.617 0.642
0.644 0.0997 0.0994 0.646 0.646 0.648
0.672 0.0955 0.0989 0.649 0.674 0.651
0.700 0.0913 0.0982 0.650 0.702 0.652
0.727 0.0868 0.0973 0.649 0.728 0.650
0.750 0.0833 0.0967 0.646 0.752 0.647
0.779 0.0785 0.0956 0.639 0.779 0.640
0.814 0.0725 0.0943 0.626 0.815 0.626
0.844 0.0671 0.0931 0.609 0.844 0.609
0.869 0.0627 0.0920 0.593 0.870 0.593
0.904 0.0565 0.0903 0.565 0.904 0.565
0.929 0.0523 0.0893 0.544 0.928 0.544
0.965 0.0447 0.0869 0.497 0.964 0.496
0.992 0.0397 0.0854 0.461 0.991 0.460
1.018 0.0342 0.0836 0.416 1.017 0.416
1.044 0.0294 0.0822 0.374 1.043 0.373
1.081 0.0215 0.0795 0.292 1.080 0.292
1.107 0.0156 0.0775 0.223 1.105 0.222
1.130 0.0105 0.0758 0.157 1.129 0.157








































































































































































































β = 0 deg
J CT CP η Ju ηu
0.121 0.1460 0.0786 0.225 0.128 0.238
0.149 0.1427 0.0785 0.271 0.156 0.284
0.181 0.1390 0.0786 0.320 0.188 0.332
0.206 0.1356 0.0784 0.357 0.213 0.368
0.233 0.1306 0.0777 0.392 0.240 0.402
0.263 0.1265 0.0775 0.430 0.269 0.439
0.292 0.1194 0.0754 0.463 0.298 0.471
0.323 0.1126 0.0735 0.495 0.328 0.503
0.351 0.1068 0.0720 0.520 0.356 0.527
0.379 0.1004 0.0701 0.542 0.383 0.548
0.406 0.0946 0.0685 0.560 0.410 0.566
0.437 0.0875 0.0661 0.579 0.441 0.583
0.463 0.0821 0.0647 0.588 0.467 0.592
0.497 0.0747 0.0622 0.597 0.500 0.600
0.522 0.0691 0.0604 0.597 0.524 0.600
0.548 0.0634 0.0586 0.593 0.550 0.596
0.580 0.0560 0.0559 0.581 0.581 0.582
Run: 1595kt
β = 0 deg
J CT CP η Ju ηu
0.492 0.0765 0.0627 0.600 0.495 0.603
0.520 0.0706 0.0609 0.602 0.522 0.605
0.546 0.0651 0.0592 0.601 0.548 0.603
0.578 0.0575 0.0564 0.589 0.579 0.591
0.603 0.0517 0.0543 0.573 0.604 0.575
0.635 0.0437 0.0514 0.541 0.636 0.542
0.656 0.0387 0.0495 0.513 0.656 0.513
0.697 0.0271 0.0447 0.423 0.697 0.423
0.726 0.0184 0.0411 0.325 0.726 0.325
0.754 0.0102 0.0378 0.203 0.753 0.203
0.782 0.0013 0.0340 0.031 0.781 0.031
0.811 -0.0081 0.0301 -0.218 0.809 -0.217
0.839 -0.0176 0.0258 -0.571 0.837 -0.569
0.871 -0.0284 0.0209 -1.183 0.868 -1.180
0.896 -0.0368 0.0170 -1.943 0.894 -1.937
0.929 -0.0478 0.0120 -3.689 0.925 -3.676
0.957 -0.0575 0.0076 -7.248 0.953 -7.221
Run: 1596kt
β = 15 deg
J CT CP η Ju ηu
0.117 0.1461 0.0786 0.218 0.124 0.231
0.144 0.1430 0.0786 0.261 0.150 0.273
0.174 0.1390 0.0786 0.309 0.181 0.320
0.204 0.1349 0.0785 0.351 0.210 0.361
0.232 0.1308 0.0782 0.388 0.238 0.398
0.263 0.1257 0.0775 0.427 0.269 0.436
0.293 0.1193 0.0761 0.459 0.298 0.468
0.322 0.1129 0.0745 0.488 0.327 0.496
0.350 0.1070 0.0731 0.513 0.355 0.519
0.377 0.1010 0.0716 0.532 0.381 0.538
0.405 0.0937 0.0693 0.548 0.409 0.553
0.433 0.0874 0.0676 0.560 0.436 0.564
0.465 0.0804 0.0659 0.568 0.468 0.572
0.496 0.0730 0.0635 0.570 0.498 0.573
0.521 0.0670 0.0617 0.566 0.524 0.568
0.548 0.0609 0.0599 0.557 0.550 0.559
0.582 0.0525 0.0572 0.535 0.583 0.536
Run: 1597kt
β = 15 deg
J CT CP η Ju ηu
0.490 0.0754 0.0641 0.576 0.492 0.579
0.518 0.0686 0.0620 0.574 0.521 0.576
0.546 0.0627 0.0604 0.567 0.548 0.569
0.577 0.0551 0.0579 0.549 0.578 0.550
0.603 0.0489 0.0560 0.527 0.604 0.528
0.633 0.0415 0.0534 0.491 0.634 0.492
0.664 0.0334 0.0505 0.438 0.664 0.439
0.698 0.0244 0.0473 0.359 0.698 0.359
0.720 0.0179 0.0449 0.287 0.719 0.287
0.756 0.0071 0.0408 0.132 0.755 0.132
0.785 -0.0019 0.0372 -0.041 0.784 -0.041
0.811 -0.0104 0.0339 -0.248 0.809 -0.247
0.840 -0.0205 0.0299 -0.577 0.838 -0.575
0.869 -0.0305 0.0260 -1.019 0.867 -1.016
0.899 -0.0408 0.0216 -1.697 0.896 -1.691
0.924 -0.0496 0.0180 -2.542 0.921 -2.533
0.958 -0.0616 0.0131 -4.505 0.954 -4.488
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Run: 1598kt
β = 30 deg
J CT CP η Ju ηu
0.117 0.1464 0.0789 0.217 0.124 0.230
0.147 0.1431 0.0791 0.266 0.154 0.278
0.173 0.1395 0.0791 0.306 0.180 0.318
0.203 0.1349 0.0785 0.349 0.209 0.360
0.232 0.1316 0.0786 0.389 0.238 0.399
0.259 0.1271 0.0779 0.423 0.265 0.432
0.291 0.1226 0.0777 0.458 0.296 0.467
0.323 0.1168 0.0764 0.494 0.328 0.502
0.351 0.1111 0.0752 0.519 0.356 0.526
0.379 0.1057 0.0741 0.540 0.383 0.546
0.407 0.1012 0.0735 0.561 0.411 0.567
0.438 0.0942 0.0715 0.577 0.442 0.582
0.466 0.0884 0.0700 0.589 0.469 0.593
0.492 0.0832 0.0688 0.595 0.495 0.599
0.523 0.0763 0.0668 0.598 0.526 0.601
0.550 0.0707 0.0653 0.596 0.553 0.599
0.578 0.0649 0.0638 0.588 0.580 0.590
Run: 1599kt
β = 30 deg
J CT CP η Ju ηu
0.488 0.0844 0.0687 0.599 0.491 0.603
0.518 0.0783 0.0672 0.603 0.521 0.606
0.547 0.0721 0.0655 0.603 0.549 0.605
0.573 0.0669 0.0641 0.599 0.575 0.601
0.605 0.0596 0.0617 0.584 0.607 0.586
0.633 0.0541 0.0603 0.568 0.634 0.569
0.658 0.0484 0.0586 0.543 0.659 0.544
0.691 0.0409 0.0562 0.503 0.691 0.503
0.716 0.0350 0.0544 0.460 0.717 0.460
0.756 0.0250 0.0510 0.371 0.755 0.371
0.777 0.0200 0.0495 0.314 0.776 0.314
0.810 0.0108 0.0462 0.190 0.809 0.190
0.834 0.0041 0.0437 0.078 0.833 0.078
0.872 -0.0068 0.0397 -0.150 0.871 -0.150
0.892 -0.0125 0.0378 -0.295 0.890 -0.294
0.928 -0.0233 0.0337 -0.643 0.925 -0.641
0.946 -0.0286 0.0318 -0.850 0.943 -0.848
0.984 -0.0418 0.0270 -1.526 0.981 -1.521
1.011 -0.0499 0.0237 -2.132 1.008 -2.125
1.041 -0.0594 0.0199 -3.109 1.037 -3.098
Run: 1600kt
β = 40 deg
J CT CP η Ju ηu
0.118 0.1463 0.0790 0.219 0.125 0.232
0.148 0.1437 0.0793 0.268 0.155 0.280
0.177 0.1407 0.0794 0.314 0.184 0.325
0.202 0.1366 0.0789 0.350 0.209 0.361
0.231 0.1337 0.0789 0.392 0.237 0.402
0.260 0.1296 0.0782 0.431 0.266 0.440
0.289 0.1262 0.0781 0.466 0.294 0.476
0.320 0.1224 0.0777 0.504 0.325 0.512
0.347 0.1185 0.0772 0.532 0.352 0.540
0.377 0.1145 0.0768 0.563 0.382 0.570
0.408 0.1093 0.0757 0.589 0.412 0.595
0.437 0.1044 0.0749 0.610 0.441 0.615
0.466 0.0998 0.0741 0.627 0.470 0.632
0.493 0.0952 0.0732 0.642 0.497 0.646
0.521 0.0907 0.0725 0.651 0.524 0.655
0.547 0.0849 0.0708 0.656 0.550 0.660
0.580 0.0789 0.0693 0.661 0.583 0.663
Run: 1601kt
β = 40 deg
J CT CP η Ju ηu
0.490 0.0959 0.0730 0.643 0.493 0.648
0.519 0.0914 0.0724 0.655 0.522 0.659
0.547 0.0864 0.0713 0.663 0.550 0.666
0.573 0.0820 0.0703 0.668 0.575 0.671
0.606 0.0757 0.0688 0.667 0.608 0.669
0.633 0.0704 0.0675 0.660 0.634 0.662
0.660 0.0655 0.0663 0.652 0.661 0.653
0.688 0.0600 0.0649 0.636 0.689 0.637
0.727 0.0521 0.0626 0.605 0.727 0.606
0.752 0.0465 0.0610 0.574 0.753 0.574
0.777 0.0416 0.0597 0.542 0.777 0.542
0.811 0.0345 0.0574 0.488 0.811 0.488
0.836 0.0290 0.0556 0.436 0.836 0.436
0.870 0.0218 0.0532 0.357 0.869 0.357
0.892 0.0166 0.0516 0.287 0.891 0.287
0.927 0.0081 0.0486 0.155 0.926 0.155
0.948 0.0034 0.0472 0.067 0.946 0.067
0.984 -0.0060 0.0438 -0.135 0.983 -0.135
1.005 -0.0108 0.0422 -0.258 1.003 -0.257
1.044 -0.0212 0.0385 -0.575 1.042 -0.573
1.064 -0.0259 0.0369 -0.746 1.061 -0.744
1.099 -0.0354 0.0334 -1.165 1.096 -1.161
1.117 -0.0399 0.0319 -1.400 1.114 -1.396
1.159 -0.0514 0.0277 -2.155 1.155 -2.148
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Run: 1602kt
β = 45 deg
J CT CP η Ju ηu
0.118 0.1466 0.0789 0.220 0.125 0.233
0.148 0.1437 0.0791 0.269 0.155 0.281
0.175 0.1400 0.0788 0.311 0.182 0.323
0.202 0.1374 0.0789 0.352 0.209 0.363
0.231 0.1349 0.0789 0.395 0.237 0.405
0.260 0.1318 0.0787 0.436 0.266 0.446
0.289 0.1288 0.0785 0.474 0.295 0.483
0.319 0.1253 0.0783 0.510 0.324 0.519
0.349 0.1208 0.0774 0.544 0.354 0.552
0.378 0.1172 0.0771 0.575 0.383 0.583
0.406 0.1137 0.0767 0.602 0.410 0.608
0.438 0.1092 0.0760 0.629 0.442 0.635
0.466 0.1053 0.0756 0.649 0.470 0.654
0.495 0.1012 0.0749 0.668 0.498 0.673
0.523 0.0973 0.0745 0.683 0.526 0.687
0.549 0.0927 0.0738 0.690 0.552 0.694
0.572 0.0893 0.0733 0.697 0.575 0.700
Run: 1603kt
β = 45 deg
J CT CP η Ju ηu
0.492 0.1025 0.0753 0.670 0.496 0.675
0.519 0.0979 0.0743 0.684 0.522 0.688
0.547 0.0939 0.0738 0.696 0.550 0.700
0.573 0.0889 0.0726 0.702 0.576 0.705
0.600 0.0851 0.0722 0.708 0.603 0.711
0.628 0.0809 0.0714 0.712 0.630 0.714
0.667 0.0742 0.0699 0.709 0.669 0.711
0.690 0.0702 0.0687 0.705 0.692 0.706
0.718 0.0657 0.0678 0.696 0.719 0.697
0.751 0.0602 0.0665 0.680 0.752 0.681
0.774 0.0557 0.0653 0.661 0.775 0.661
0.813 0.0489 0.0632 0.629 0.813 0.629
0.839 0.0436 0.0616 0.594 0.839 0.594
0.865 0.0389 0.0603 0.559 0.864 0.558
0.899 0.0321 0.0581 0.497 0.898 0.497
0.925 0.0269 0.0564 0.442 0.924 0.441
0.947 0.0226 0.0551 0.388 0.946 0.387
0.983 0.0144 0.0523 0.270 0.982 0.270
1.006 0.0093 0.0507 0.184 1.005 0.184
1.042 0.0013 0.0480 0.027 1.040 0.027
1.063 -0.0035 0.0465 -0.080 1.061 -0.079
1.099 -0.0115 0.0438 -0.289 1.097 -0.289
1.119 -0.0163 0.0423 -0.431 1.117 -0.430































































































































































































β = 0 deg
J CT CP η Ju ηu
0.125 0.1483 0.0798 0.232 0.134 0.248
0.149 0.1452 0.0796 0.271 0.157 0.286
0.173 0.1427 0.0798 0.310 0.181 0.324
0.197 0.1396 0.0798 0.346 0.205 0.359
0.220 0.1367 0.0797 0.377 0.228 0.390
0.244 0.1331 0.0795 0.409 0.252 0.421
0.266 0.1294 0.0791 0.436 0.273 0.447
0.288 0.1248 0.0782 0.460 0.295 0.471
0.317 0.1182 0.0765 0.490 0.323 0.500
0.340 0.1128 0.0749 0.512 0.346 0.521
0.360 0.1084 0.0736 0.531 0.366 0.539
0.388 0.1014 0.0710 0.553 0.393 0.561
0.410 0.0961 0.0692 0.569 0.415 0.576
0.431 0.0913 0.0676 0.582 0.436 0.588
0.459 0.0854 0.0656 0.597 0.463 0.602
0.477 0.0810 0.0642 0.602 0.481 0.607
Run: 1680kt
β = 0 deg
J CT CP η Ju ηu
0.407 0.0966 0.0693 0.567 0.412 0.574
0.429 0.0917 0.0676 0.582 0.434 0.588
0.453 0.0866 0.0660 0.594 0.457 0.600
0.479 0.0808 0.0640 0.605 0.483 0.609
0.500 0.0763 0.0625 0.610 0.503 0.615
0.523 0.0715 0.0608 0.614 0.526 0.617
0.549 0.0657 0.0589 0.613 0.552 0.616
0.571 0.0613 0.0574 0.610 0.573 0.612
0.593 0.0559 0.0552 0.600 0.594 0.602
0.625 0.0474 0.0514 0.576 0.626 0.577
0.644 0.0429 0.0496 0.557 0.645 0.558
0.671 0.0354 0.0462 0.514 0.672 0.514
0.691 0.0303 0.0441 0.475 0.691 0.475
0.718 0.0217 0.0403 0.387 0.718 0.387
0.733 0.0175 0.0386 0.333 0.733 0.332
0.768 0.0063 0.0336 0.144 0.767 0.144
0.784 0.0011 0.0313 0.027 0.783 0.027
0.812 -0.0082 0.0270 -0.246 0.810 -0.245
0.836 -0.0161 0.0234 -0.577 0.834 -0.576
0.860 -0.0243 0.0196 -1.064 0.858 -1.061
Run: 1681kt
β = 15 deg
J CT CP η Ju ηu
0.127 0.1477 0.0796 0.236 0.136 0.252
0.150 0.1454 0.0799 0.273 0.158 0.288
0.174 0.1421 0.0797 0.311 0.183 0.325
0.202 0.1382 0.0794 0.352 0.210 0.365
0.221 0.1366 0.0798 0.377 0.228 0.391
0.247 0.1320 0.0793 0.412 0.255 0.424
0.270 0.1283 0.0788 0.439 0.277 0.450
0.294 0.1238 0.0782 0.465 0.301 0.476
0.315 0.1192 0.0772 0.487 0.322 0.497
0.339 0.1140 0.0759 0.509 0.345 0.518
0.362 0.1085 0.0745 0.527 0.368 0.536
0.387 0.1018 0.0723 0.546 0.393 0.553
0.409 0.0969 0.0709 0.559 0.414 0.566
0.430 0.0919 0.0692 0.570 0.434 0.576
0.454 0.0859 0.0673 0.580 0.458 0.585
0.480 0.0798 0.0653 0.586 0.484 0.591
Run: 1682kt
β = 15 deg
J CT CP η Ju ηu
0.408 0.0966 0.0706 0.558 0.413 0.565
0.431 0.0912 0.0690 0.570 0.436 0.576
0.453 0.0864 0.0676 0.579 0.457 0.584
0.482 0.0796 0.0654 0.586 0.486 0.591
0.505 0.0744 0.0638 0.589 0.508 0.593
0.525 0.0699 0.0622 0.589 0.528 0.593
0.555 0.0630 0.0601 0.582 0.558 0.585
0.577 0.0581 0.0585 0.573 0.579 0.575
0.597 0.0533 0.0568 0.560 0.599 0.562
0.625 0.0463 0.0542 0.534 0.626 0.535
0.645 0.0411 0.0521 0.509 0.646 0.509
0.672 0.0339 0.0492 0.463 0.673 0.463
0.691 0.0287 0.0472 0.420 0.691 0.420
0.720 0.0201 0.0437 0.332 0.720 0.332
0.738 0.0150 0.0416 0.266 0.737 0.266
0.765 0.0061 0.0379 0.123 0.764 0.123
0.784 0.0005 0.0357 0.012 0.782 0.012
0.814 -0.0098 0.0315 -0.253 0.813 -0.252
0.831 -0.0150 0.0294 -0.424 0.829 -0.423
0.857 -0.0240 0.0256 -0.804 0.855 -0.802
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Run: 1683kt
β = 30 deg
J CT CP η Ju ηu
0.127 0.1479 0.0798 0.236 0.136 0.252
0.146 0.1458 0.0797 0.267 0.154 0.282
0.172 0.1429 0.0800 0.307 0.180 0.322
0.197 0.1396 0.0798 0.345 0.205 0.359
0.220 0.1364 0.0796 0.376 0.227 0.390
0.246 0.1323 0.0792 0.410 0.253 0.423
0.270 0.1296 0.0794 0.440 0.277 0.452
0.292 0.1257 0.0787 0.467 0.299 0.478
0.316 0.1217 0.0780 0.493 0.322 0.503
0.339 0.1181 0.0776 0.516 0.345 0.526
0.362 0.1142 0.0770 0.538 0.368 0.546
0.386 0.1093 0.0759 0.556 0.391 0.564
0.408 0.1051 0.0749 0.573 0.414 0.580
0.431 0.1003 0.0737 0.586 0.436 0.593
0.455 0.0948 0.0723 0.597 0.460 0.603
0.478 0.0899 0.0711 0.605 0.482 0.610
Run: 1684kt
β = 30 deg
J CT CP η Ju ηu
0.409 0.1047 0.0748 0.572 0.414 0.579
0.435 0.0998 0.0737 0.588 0.439 0.594
0.453 0.0953 0.0725 0.595 0.457 0.601
0.475 0.0907 0.0713 0.605 0.479 0.610
0.509 0.0830 0.0690 0.613 0.513 0.617
0.529 0.0793 0.0679 0.618 0.532 0.622
0.550 0.0748 0.0665 0.619 0.553 0.622
0.572 0.0704 0.0652 0.617 0.575 0.620
0.596 0.0653 0.0636 0.612 0.598 0.614
0.618 0.0603 0.0620 0.601 0.620 0.603
0.639 0.0560 0.0605 0.591 0.641 0.592
0.671 0.0485 0.0580 0.562 0.673 0.563
0.692 0.0438 0.0562 0.539 0.693 0.539
0.718 0.0376 0.0541 0.499 0.719 0.499
0.740 0.0324 0.0522 0.458 0.740 0.459
0.759 0.0278 0.0506 0.417 0.759 0.417
0.789 0.0199 0.0478 0.328 0.789 0.328
0.810 0.0146 0.0458 0.259 0.809 0.258
0.836 0.0072 0.0430 0.141 0.835 0.141
0.855 0.0026 0.0412 0.055 0.853 0.055
0.884 -0.0058 0.0381 -0.134 0.882 -0.134
0.902 -0.0110 0.0360 -0.276 0.900 -0.275
0.932 -0.0199 0.0327 -0.568 0.930 -0.567
0.946 -0.0243 0.0308 -0.747 0.944 -0.745
Run: 1685kt
β = 40 deg
J CT CP η Ju ηu
0.124 0.1492 0.0801 0.230 0.132 0.246
0.146 0.1469 0.0802 0.267 0.154 0.282
0.170 0.1441 0.0803 0.305 0.178 0.320
0.194 0.1414 0.0803 0.342 0.202 0.356
0.215 0.1386 0.0801 0.373 0.223 0.386
0.241 0.1356 0.0800 0.409 0.249 0.422
0.266 0.1327 0.0798 0.442 0.273 0.454
0.289 0.1301 0.0797 0.471 0.296 0.483
0.312 0.1268 0.0794 0.499 0.319 0.510
0.336 0.1237 0.0791 0.526 0.343 0.536
0.360 0.1203 0.0787 0.551 0.367 0.561
0.384 0.1171 0.0782 0.574 0.390 0.583
0.405 0.1138 0.0776 0.594 0.411 0.602
0.432 0.1096 0.0768 0.616 0.437 0.624
0.456 0.1060 0.0762 0.634 0.461 0.640
0.479 0.1019 0.0753 0.647 0.483 0.653
Run: 1686kt
β = 40 deg
J CT CP η Ju ηu
0.410 0.1132 0.0775 0.599 0.416 0.607
0.432 0.1098 0.0769 0.617 0.437 0.624
0.454 0.1064 0.0763 0.632 0.458 0.639
0.476 0.1022 0.0753 0.647 0.481 0.653
0.499 0.0987 0.0745 0.660 0.503 0.666
0.527 0.0936 0.0734 0.671 0.531 0.676
0.555 0.0889 0.0725 0.680 0.559 0.685
0.571 0.0866 0.0721 0.686 0.574 0.690
0.599 0.0814 0.0707 0.689 0.602 0.693
0.616 0.0782 0.0699 0.689 0.619 0.692
0.638 0.0739 0.0686 0.687 0.640 0.690
0.668 0.0680 0.0669 0.679 0.670 0.681
0.694 0.0634 0.0658 0.670 0.696 0.671
0.714 0.0597 0.0646 0.659 0.715 0.661
0.732 0.0561 0.0635 0.647 0.733 0.648
0.769 0.0483 0.0607 0.611 0.769 0.612
0.789 0.0442 0.0595 0.587 0.790 0.587
0.808 0.0403 0.0582 0.559 0.808 0.559
0.831 0.0354 0.0566 0.519 0.831 0.519
0.861 0.0283 0.0542 0.450 0.861 0.449
0.884 0.0234 0.0527 0.393 0.884 0.393
0.903 0.0187 0.0511 0.330 0.902 0.330
0.931 0.0116 0.0484 0.223 0.930 0.223
0.952 0.0070 0.0468 0.142 0.950 0.142
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Run: 1687kt
β = 45 deg
J CT CP η Ju ηu
0.122 0.1499 0.0803 0.227 0.130 0.243
0.146 0.1470 0.0802 0.268 0.155 0.283
0.170 0.1446 0.0803 0.307 0.178 0.321
0.193 0.1421 0.0803 0.341 0.201 0.355
0.217 0.1394 0.0802 0.377 0.225 0.391
0.241 0.1373 0.0803 0.412 0.249 0.425
0.266 0.1345 0.0801 0.447 0.274 0.460
0.290 0.1317 0.0799 0.478 0.297 0.490
0.312 0.1294 0.0798 0.506 0.319 0.517
0.336 0.1265 0.0796 0.534 0.343 0.545
0.358 0.1239 0.0794 0.559 0.365 0.569
0.386 0.1205 0.0790 0.588 0.392 0.598
0.404 0.1182 0.0788 0.606 0.410 0.615
0.428 0.1154 0.0786 0.629 0.434 0.637
0.455 0.1118 0.0779 0.652 0.460 0.659
0.480 0.1077 0.0772 0.669 0.484 0.676
Run: 1688kt
β = 45 deg
J CT CP η Ju ηu
0.404 0.1181 0.0786 0.607 0.410 0.616
0.427 0.1153 0.0783 0.629 0.433 0.637
0.454 0.1110 0.0774 0.651 0.459 0.658
0.479 0.1081 0.0772 0.671 0.484 0.678
0.501 0.1048 0.0765 0.685 0.505 0.692
0.528 0.1007 0.0758 0.702 0.533 0.707
0.551 0.0975 0.0753 0.714 0.555 0.719
0.574 0.0942 0.0747 0.723 0.577 0.728
0.597 0.0906 0.0741 0.730 0.600 0.734
0.624 0.0860 0.0732 0.734 0.627 0.737
0.644 0.0828 0.0725 0.735 0.646 0.738
0.672 0.0784 0.0717 0.735 0.674 0.738
0.687 0.0757 0.0710 0.733 0.690 0.735
0.711 0.0718 0.0700 0.728 0.713 0.730
0.736 0.0671 0.0688 0.718 0.738 0.719
0.767 0.0609 0.0670 0.697 0.768 0.698
0.789 0.0570 0.0659 0.683 0.790 0.684
0.810 0.0530 0.0646 0.665 0.811 0.666
0.833 0.0488 0.0632 0.643 0.834 0.644
0.859 0.0437 0.0616 0.610 0.860 0.610
0.882 0.0391 0.0600 0.576 0.882 0.576
0.903 0.0347 0.0586 0.535 0.903 0.535
0.933 0.0288 0.0567 0.474 0.933 0.474


































































































































































































β = 0 deg
J CT CP η Ju ηu
0.099 0.0797 0.0336 0.236 0.104 0.248
0.125 0.0765 0.0337 0.284 0.130 0.295
0.147 0.0732 0.0335 0.322 0.152 0.332
0.170 0.0697 0.0332 0.358 0.175 0.367
0.195 0.0655 0.0327 0.391 0.200 0.400
0.218 0.0615 0.0321 0.418 0.222 0.425
0.243 0.0568 0.0313 0.441 0.246 0.447
0.269 0.0515 0.0302 0.459 0.272 0.464
0.292 0.0474 0.0292 0.473 0.295 0.478
0.315 0.0429 0.0282 0.479 0.317 0.483
0.340 0.0376 0.0267 0.478 0.342 0.481
0.365 0.0323 0.0252 0.467 0.367 0.469
0.386 0.0282 0.0241 0.452 0.387 0.454
0.412 0.0227 0.0224 0.417 0.413 0.418
0.430 0.0191 0.0213 0.385 0.430 0.386
0.457 0.0134 0.0194 0.314 0.457 0.314
0.481 0.0085 0.0177 0.230 0.481 0.230
Run: 1566kt
β = 0 deg
J CT CP η Ju ηu
0.409 0.0237 0.0229 0.424 0.410 0.425
0.430 0.0196 0.0216 0.390 0.431 0.390
0.457 0.0140 0.0198 0.324 0.457 0.324
0.481 0.0090 0.0181 0.240 0.481 0.240
0.505 0.0041 0.0163 0.126 0.504 0.126
0.529 -0.0009 0.0144 -0.034 0.528 -0.034
0.552 -0.0060 0.0124 -0.270 0.551 -0.269
0.576 -0.0116 0.0101 -0.662 0.574 -0.660
0.606 -0.0185 0.0072 -1.560 0.604 -1.555
Run: 1567kt
β = 15 deg
J CT CP η Ju ηu
0.100 0.0794 0.0337 0.237 0.106 0.249
0.121 0.0766 0.0337 0.276 0.126 0.287
0.148 0.0730 0.0336 0.321 0.152 0.331
0.171 0.0693 0.0333 0.355 0.175 0.364
0.195 0.0654 0.0329 0.387 0.199 0.395
0.220 0.0612 0.0324 0.415 0.223 0.423
0.243 0.0570 0.0317 0.437 0.246 0.443
0.270 0.0517 0.0306 0.455 0.273 0.461
0.289 0.0481 0.0299 0.465 0.292 0.470
0.317 0.0422 0.0285 0.469 0.320 0.473
0.339 0.0377 0.0275 0.466 0.341 0.469
0.365 0.0321 0.0260 0.452 0.367 0.454
0.386 0.0279 0.0248 0.433 0.387 0.435
0.413 0.0221 0.0233 0.393 0.414 0.394
0.433 0.0181 0.0221 0.354 0.433 0.355
0.457 0.0130 0.0206 0.288 0.457 0.288
0.477 0.0087 0.0192 0.217 0.477 0.217
Run: 1568kt
β = 15 deg
J CT CP η Ju ηu
0.409 0.0233 0.0236 0.404 0.410 0.405
0.430 0.0192 0.0225 0.367 0.430 0.367
0.457 0.0136 0.0208 0.299 0.457 0.299
0.477 0.0095 0.0195 0.232 0.476 0.232
0.505 0.0034 0.0175 0.098 0.504 0.098
0.529 -0.0017 0.0157 -0.057 0.528 -0.057
0.557 -0.0077 0.0134 -0.321 0.555 -0.320
0.580 -0.0130 0.0114 -0.663 0.579 -0.661
0.605 -0.0189 0.0091 -1.262 0.603 -1.258
0.628 -0.0242 0.0069 -2.197 0.625 -2.189
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Run: 1563kt
β = 30 deg
J CT CP η Ju ηu
0.099 0.0800 0.0338 0.236 0.105 0.248
0.122 0.0777 0.0339 0.279 0.127 0.291
0.145 0.0749 0.0339 0.321 0.150 0.331
0.170 0.0717 0.0337 0.362 0.175 0.372
0.194 0.0683 0.0335 0.396 0.198 0.405
0.219 0.0648 0.0331 0.429 0.223 0.437
0.244 0.0610 0.0326 0.457 0.248 0.464
0.268 0.0572 0.0321 0.478 0.271 0.483
0.291 0.0532 0.0314 0.494 0.294 0.499
0.317 0.0485 0.0305 0.505 0.320 0.509
0.341 0.0443 0.0296 0.510 0.343 0.513
0.362 0.0404 0.0288 0.509 0.364 0.512
0.387 0.0355 0.0276 0.498 0.389 0.500
0.410 0.0312 0.0265 0.483 0.412 0.484
0.434 0.0267 0.0254 0.457 0.434 0.458
0.455 0.0228 0.0244 0.425 0.455 0.425
0.480 0.0177 0.0231 0.369 0.480 0.369
Run: 1564kt
β = 30 deg
J CT CP η Ju ηu
0.410 0.0312 0.0265 0.483 0.411 0.484
0.432 0.0272 0.0255 0.460 0.432 0.461
0.454 0.0232 0.0245 0.430 0.454 0.430
0.481 0.0177 0.0231 0.370 0.481 0.370
0.502 0.0138 0.0220 0.315 0.502 0.315
0.529 0.0086 0.0205 0.221 0.529 0.221
0.549 0.0046 0.0192 0.132 0.548 0.131
0.581 -0.0020 0.0171 -0.069 0.580 -0.069
0.599 -0.0055 0.0160 -0.208 0.598 -0.207
0.628 -0.0115 0.0139 -0.519 0.626 -0.517
0.652 -0.0166 0.0121 -0.889 0.650 -0.887
0.676 -0.0216 0.0103 -1.417 0.674 -1.412
0.701 -0.0271 0.0083 -2.291 0.699 -2.283
0.724 -0.0320 0.0065 -3.578 0.722 -3.565
Run: 1569kt
β = 40 deg
J CT CP η Ju ηu
0.099 0.0811 0.0338 0.238 0.104 0.250
0.126 0.0786 0.0339 0.292 0.131 0.304
0.146 0.0764 0.0338 0.329 0.151 0.340
0.170 0.0739 0.0337 0.371 0.174 0.381
0.195 0.0711 0.0336 0.412 0.199 0.422
0.219 0.0682 0.0333 0.448 0.223 0.456
0.243 0.0652 0.0330 0.480 0.247 0.487
0.268 0.0620 0.0327 0.508 0.272 0.515
0.291 0.0588 0.0323 0.530 0.295 0.535
0.315 0.0554 0.0319 0.548 0.318 0.553
0.338 0.0520 0.0314 0.561 0.341 0.566
0.365 0.0478 0.0306 0.570 0.367 0.573
0.384 0.0447 0.0301 0.572 0.386 0.575
0.411 0.0403 0.0292 0.567 0.413 0.570
0.436 0.0358 0.0283 0.552 0.437 0.553
0.455 0.0326 0.0276 0.538 0.456 0.539
0.482 0.0280 0.0266 0.507 0.482 0.508
Run: 1570kt
β = 40 deg
J CT CP η Ju ηu
0.410 0.0405 0.0292 0.569 0.412 0.571
0.433 0.0368 0.0285 0.559 0.434 0.561
0.455 0.0330 0.0276 0.543 0.456 0.544
0.477 0.0293 0.0268 0.521 0.478 0.522
0.509 0.0235 0.0254 0.472 0.509 0.473
0.527 0.0206 0.0246 0.440 0.527 0.440
0.549 0.0168 0.0237 0.390 0.549 0.390
0.576 0.0121 0.0223 0.311 0.575 0.310
0.601 0.0078 0.0212 0.222 0.600 0.222
0.628 0.0027 0.0196 0.087 0.628 0.087
0.649 -0.0009 0.0185 -0.032 0.647 -0.032
0.676 -0.0061 0.0168 -0.244 0.675 -0.244
0.695 -0.0096 0.0157 -0.422 0.693 -0.421
0.725 -0.0154 0.0138 -0.812 0.723 -0.810
0.743 -0.0188 0.0127 -1.100 0.741 -1.097
0.772 -0.0245 0.0107 -1.760 0.770 -1.754
0.791 -0.0277 0.0097 -2.263 0.788 -2.255
0.822 -0.0338 0.0076 -3.637 0.819 -3.625
0.839 -0.0371 0.0067 -4.659 0.836 -4.643
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Run: 1571kt
β = 45 deg
J CT CP η Ju ηu
0.099 0.0816 0.0336 0.240 0.104 0.253
0.122 0.0796 0.0337 0.289 0.127 0.301
0.146 0.0775 0.0337 0.336 0.151 0.347
0.169 0.0752 0.0336 0.380 0.174 0.390
0.195 0.0728 0.0335 0.424 0.199 0.434
0.218 0.0705 0.0334 0.460 0.222 0.469
0.244 0.0676 0.0332 0.497 0.248 0.505
0.268 0.0649 0.0330 0.528 0.272 0.535
0.293 0.0618 0.0327 0.553 0.296 0.559
0.315 0.0590 0.0324 0.575 0.318 0.580
0.340 0.0559 0.0321 0.592 0.343 0.597
0.362 0.0525 0.0316 0.602 0.365 0.606
0.386 0.0493 0.0311 0.611 0.388 0.615
0.412 0.0453 0.0304 0.615 0.414 0.618
0.432 0.0424 0.0299 0.614 0.434 0.616
0.455 0.0391 0.0292 0.610 0.456 0.611
0.477 0.0358 0.0284 0.600 0.478 0.601
Run: 1572kt
β = 45 deg
J CT CP η Ju ηu
0.410 0.0459 0.0305 0.617 0.412 0.620
0.436 0.0421 0.0298 0.616 0.438 0.618
0.455 0.0394 0.0292 0.613 0.456 0.615
0.478 0.0360 0.0285 0.603 0.479 0.605
0.505 0.0317 0.0274 0.584 0.506 0.585
0.527 0.0283 0.0267 0.559 0.528 0.559
0.553 0.0242 0.0257 0.521 0.554 0.522
0.579 0.0197 0.0245 0.467 0.579 0.467
0.602 0.0162 0.0236 0.412 0.601 0.412
0.628 0.0118 0.0223 0.331 0.627 0.331
0.649 0.0082 0.0214 0.250 0.649 0.250
0.676 0.0036 0.0200 0.123 0.675 0.123
0.697 0.0001 0.0190 0.005 0.696 0.005
0.725 -0.0048 0.0174 -0.201 0.724 -0.201
0.744 -0.0082 0.0164 -0.370 0.743 -0.370
0.772 -0.0132 0.0148 -0.688 0.771 -0.686
0.791 -0.0163 0.0138 -0.934 0.789 -0.931
0.820 -0.0213 0.0122 -1.436 0.818 -1.432
0.840 -0.0248 0.0112 -1.862 0.838 -1.857
0.870 -0.0301 0.0095 -2.761 0.867 -2.753
0.888 -0.0334 0.0086 -3.464 0.885 -3.453









































































































































































β = 0 deg
J CT CP η Ju ηu
0.100 0.1079 0.0502 0.215 0.106 0.228
0.127 0.1062 0.0503 0.267 0.132 0.280
0.148 0.1045 0.0506 0.306 0.154 0.318
0.174 0.1020 0.0509 0.350 0.180 0.361
0.196 0.0999 0.0511 0.384 0.201 0.394
0.221 0.0973 0.0514 0.419 0.226 0.428
0.246 0.0945 0.0515 0.450 0.251 0.459
0.270 0.0916 0.0517 0.478 0.274 0.486
0.293 0.0886 0.0517 0.502 0.298 0.510
0.318 0.0852 0.0517 0.525 0.322 0.531
0.343 0.0817 0.0516 0.543 0.347 0.549
0.366 0.0783 0.0514 0.557 0.369 0.563
0.388 0.0746 0.0510 0.568 0.391 0.573
0.412 0.0705 0.0504 0.576 0.415 0.580
0.435 0.0660 0.0496 0.579 0.438 0.583
0.461 0.0600 0.0479 0.578 0.463 0.581
0.483 0.0549 0.0464 0.572 0.485 0.574
Run: 1574rd
β = 0 deg
J CT CP η Ju ηu
0.410 0.0715 0.0504 0.583 0.413 0.587
0.434 0.0672 0.0496 0.588 0.436 0.592
0.455 0.0627 0.0485 0.588 0.457 0.591
0.484 0.0559 0.0464 0.582 0.486 0.585
0.501 0.0517 0.0451 0.575 0.503 0.577
0.533 0.0433 0.0419 0.550 0.534 0.552
0.553 0.0382 0.0398 0.531 0.554 0.532
0.582 0.0305 0.0365 0.487 0.582 0.487
0.600 0.0261 0.0346 0.454 0.600 0.454
0.629 0.0184 0.0311 0.373 0.629 0.373
0.648 0.0141 0.0291 0.315 0.647 0.314
0.677 0.0071 0.0257 0.186 0.676 0.186
0.695 0.0026 0.0237 0.076 0.694 0.076
0.722 -0.0037 0.0205 -0.130 0.720 -0.130
0.748 -0.0104 0.0171 -0.454 0.747 -0.453
0.773 -0.0162 0.0140 -0.893 0.771 -0.891
0.796 -0.0223 0.0107 -1.651 0.794 -1.646
0.821 -0.0285 0.0074 -3.150 0.819 -3.140
Run: 1575rd
β = 15 deg
J CT CP η Ju ηu
0.102 0.1075 0.0499 0.220 0.108 0.233
0.124 0.1059 0.0500 0.262 0.130 0.274
0.148 0.1037 0.0504 0.304 0.154 0.316
0.170 0.1015 0.0507 0.341 0.176 0.352
0.197 0.0988 0.0510 0.381 0.202 0.391
0.221 0.0963 0.0512 0.416 0.227 0.426
0.245 0.0937 0.0515 0.445 0.250 0.454
0.269 0.0907 0.0515 0.473 0.274 0.482
0.293 0.0875 0.0515 0.497 0.297 0.505
0.318 0.0843 0.0516 0.519 0.322 0.525
0.341 0.0808 0.0515 0.536 0.345 0.542
0.365 0.0771 0.0513 0.549 0.368 0.554
0.386 0.0738 0.0511 0.557 0.389 0.562
0.412 0.0692 0.0505 0.564 0.415 0.568
0.432 0.0652 0.0499 0.564 0.435 0.568
0.458 0.0594 0.0488 0.559 0.461 0.562
0.481 0.0542 0.0474 0.550 0.483 0.552
Run: 1576rd
β = 15 deg
J CT CP η Ju ηu
0.410 0.0702 0.0507 0.568 0.413 0.572
0.431 0.0661 0.0501 0.569 0.434 0.573
0.458 0.0607 0.0491 0.566 0.460 0.569
0.479 0.0561 0.0480 0.560 0.481 0.562
0.506 0.0495 0.0461 0.542 0.507 0.544
0.526 0.0444 0.0445 0.525 0.528 0.526
0.559 0.0358 0.0415 0.482 0.559 0.482
0.576 0.0312 0.0397 0.452 0.577 0.453
0.605 0.0233 0.0364 0.386 0.605 0.386
0.620 0.0195 0.0349 0.347 0.620 0.347
0.648 0.0120 0.0316 0.246 0.648 0.246
0.677 0.0049 0.0285 0.116 0.676 0.116
0.696 0.0006 0.0266 0.014 0.695 0.014
0.724 -0.0067 0.0233 -0.209 0.723 -0.208
0.748 -0.0125 0.0205 -0.455 0.746 -0.454
0.773 -0.0189 0.0173 -0.846 0.771 -0.843
0.797 -0.0250 0.0142 -1.399 0.795 -1.395
0.820 -0.0306 0.0113 -2.226 0.817 -2.219
0.845 -0.0369 0.0079 -3.937 0.842 -3.923
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Run: 1577rd
β = 30 deg
J CT CP η Ju ηu
0.101 0.1074 0.0500 0.216 0.107 0.229
0.124 0.1052 0.0500 0.260 0.129 0.272
0.145 0.1040 0.0502 0.301 0.151 0.313
0.171 0.1018 0.0505 0.345 0.176 0.356
0.196 0.0996 0.0508 0.385 0.202 0.395
0.221 0.0970 0.0510 0.420 0.226 0.430
0.244 0.0947 0.0511 0.451 0.249 0.461
0.269 0.0922 0.0513 0.483 0.273 0.491
0.294 0.0894 0.0514 0.511 0.298 0.519
0.318 0.0865 0.0515 0.534 0.323 0.541
0.343 0.0833 0.0515 0.554 0.346 0.560
0.366 0.0805 0.0515 0.571 0.369 0.577
0.387 0.0775 0.0514 0.583 0.390 0.588
0.410 0.0743 0.0513 0.594 0.413 0.599
0.439 0.0698 0.0508 0.602 0.441 0.606
0.459 0.0663 0.0504 0.604 0.462 0.607
0.480 0.0625 0.0498 0.603 0.482 0.606
Run: 1578rd
β = 30 deg
J CT CP η Ju ηu
0.412 0.0743 0.0511 0.600 0.415 0.605
0.437 0.0707 0.0508 0.608 0.440 0.612
0.457 0.0676 0.0506 0.611 0.460 0.615
0.481 0.0635 0.0499 0.611 0.483 0.614
0.506 0.0588 0.0491 0.606 0.508 0.608
0.535 0.0531 0.0479 0.593 0.536 0.594
0.554 0.0491 0.0469 0.580 0.555 0.582
0.577 0.0443 0.0456 0.561 0.578 0.562
0.606 0.0377 0.0437 0.523 0.607 0.524
0.625 0.0333 0.0423 0.493 0.626 0.493
0.653 0.0268 0.0401 0.435 0.653 0.436
0.672 0.0224 0.0386 0.390 0.672 0.390
0.700 0.0156 0.0361 0.303 0.700 0.303
0.720 0.0112 0.0345 0.235 0.719 0.234
0.748 0.0044 0.0318 0.104 0.747 0.104
0.768 -0.0003 0.0299 -0.008 0.767 -0.008
0.796 -0.0070 0.0271 -0.205 0.795 -0.205
0.815 -0.0113 0.0253 -0.364 0.813 -0.363
0.845 -0.0186 0.0221 -0.714 0.843 -0.712
0.869 -0.0245 0.0195 -1.093 0.867 -1.090
0.892 -0.0299 0.0170 -1.569 0.890 -1.564
0.916 -0.0355 0.0145 -2.236 0.913 -2.230
0.941 -0.0416 0.0119 -3.291 0.938 -3.280
Run: 1579rd
β = 40 deg
J CT CP η Ju ηu
0.098 0.1077 0.0500 0.211 0.104 0.224
0.122 0.1060 0.0500 0.259 0.128 0.271
0.145 0.1045 0.0500 0.302 0.150 0.314
0.172 0.1026 0.0504 0.350 0.178 0.362
0.193 0.1011 0.0505 0.386 0.198 0.397
0.220 0.0989 0.0507 0.430 0.225 0.440
0.242 0.0971 0.0508 0.462 0.247 0.471
0.268 0.0950 0.0511 0.498 0.273 0.507
0.293 0.0927 0.0513 0.529 0.297 0.537
0.318 0.0902 0.0513 0.559 0.323 0.566
0.341 0.0879 0.0515 0.582 0.345 0.589
0.364 0.0851 0.0514 0.603 0.368 0.609
0.389 0.0825 0.0516 0.623 0.393 0.628
0.410 0.0801 0.0516 0.636 0.414 0.641
0.438 0.0768 0.0516 0.652 0.441 0.657
0.461 0.0738 0.0515 0.660 0.464 0.664
0.482 0.0710 0.0513 0.666 0.484 0.669
Run: 1580rd
β = 40 deg
J CT CP η Ju ηu
0.412 0.0803 0.0516 0.642 0.415 0.647
0.434 0.0777 0.0515 0.654 0.437 0.659
0.458 0.0746 0.0515 0.664 0.461 0.668
0.483 0.0714 0.0514 0.671 0.485 0.675
0.511 0.0673 0.0510 0.675 0.513 0.678
0.528 0.0646 0.0507 0.673 0.530 0.675
0.551 0.0610 0.0502 0.670 0.553 0.672
0.576 0.0572 0.0495 0.664 0.577 0.666
0.597 0.0536 0.0489 0.655 0.598 0.656
0.624 0.0485 0.0478 0.634 0.625 0.635
0.648 0.0445 0.0468 0.615 0.648 0.616
0.672 0.0398 0.0457 0.586 0.672 0.586
0.701 0.0344 0.0443 0.544 0.701 0.545
0.722 0.0307 0.0431 0.513 0.722 0.513
0.742 0.0270 0.0420 0.477 0.742 0.477
0.773 0.0209 0.0400 0.403 0.773 0.403
0.794 0.0169 0.0388 0.346 0.793 0.346
0.814 0.0131 0.0375 0.285 0.813 0.284
0.846 0.0068 0.0351 0.163 0.845 0.162
0.867 0.0027 0.0336 0.069 0.866 0.069
0.886 -0.0009 0.0322 -0.025 0.884 -0.025
0.918 -0.0075 0.0298 -0.232 0.917 -0.232
0.938 -0.0111 0.0284 -0.365 0.936 -0.365
0.965 -0.0168 0.0262 -0.617 0.963 -0.615
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Run: 1581rd
β = 45 deg
J CT CP η Ju ηu
0.099 0.1077 0.0497 0.214 0.105 0.227
0.123 0.1065 0.0497 0.263 0.129 0.276
0.145 0.1052 0.0497 0.307 0.151 0.319
0.167 0.1036 0.0499 0.347 0.173 0.359
0.193 0.1018 0.0502 0.392 0.198 0.403
0.218 0.0999 0.0502 0.435 0.224 0.445
0.241 0.0984 0.0504 0.471 0.246 0.481
0.270 0.0961 0.0506 0.512 0.274 0.521
0.292 0.0945 0.0508 0.543 0.296 0.551
0.317 0.0923 0.0510 0.574 0.321 0.582
0.342 0.0902 0.0512 0.602 0.346 0.609
0.365 0.0879 0.0514 0.624 0.369 0.631
0.386 0.0858 0.0515 0.643 0.389 0.649
0.411 0.0834 0.0517 0.664 0.415 0.669
0.439 0.0805 0.0519 0.681 0.442 0.686
0.462 0.0776 0.0518 0.693 0.465 0.697
0.486 0.0749 0.0518 0.703 0.489 0.707
Run: 1582rd
β = 45 deg
J CT CP η Ju ηu
0.407 0.0840 0.0516 0.661 0.410 0.667
0.434 0.0816 0.0519 0.683 0.437 0.688
0.457 0.0787 0.0518 0.695 0.460 0.699
0.483 0.0760 0.0517 0.710 0.485 0.714
0.507 0.0732 0.0517 0.718 0.510 0.722
0.528 0.0707 0.0516 0.723 0.530 0.726
0.555 0.0669 0.0511 0.727 0.557 0.729
0.578 0.0634 0.0506 0.725 0.580 0.727
0.597 0.0608 0.0502 0.723 0.598 0.725
0.627 0.0565 0.0495 0.715 0.628 0.716
0.653 0.0523 0.0486 0.703 0.654 0.704
0.675 0.0489 0.0479 0.689 0.676 0.690
0.697 0.0456 0.0471 0.675 0.698 0.675
0.724 0.0411 0.0460 0.646 0.724 0.647
0.746 0.0375 0.0450 0.621 0.746 0.621
0.767 0.0342 0.0441 0.594 0.767 0.594
0.798 0.0287 0.0427 0.537 0.798 0.537
0.819 0.0251 0.0415 0.495 0.819 0.495
0.840 0.0213 0.0403 0.445 0.840 0.444
0.869 0.0165 0.0389 0.369 0.868 0.369
0.890 0.0128 0.0377 0.303 0.889 0.302
0.909 0.0096 0.0366 0.239 0.908 0.238
0.942 0.0036 0.0346 0.099 0.941 0.099




































































































































































































β = 0 deg
J CT CP η Ju ηu
0.120 0.1154 0.0996 0.139 0.126 0.146
0.149 0.1139 0.0993 0.171 0.155 0.178
0.176 0.1115 0.0978 0.201 0.182 0.208
0.205 0.1105 0.0964 0.235 0.211 0.242
0.232 0.1099 0.0952 0.268 0.238 0.274
0.263 0.1087 0.0942 0.304 0.269 0.310
0.292 0.1067 0.0926 0.337 0.297 0.343
0.321 0.1061 0.0918 0.372 0.326 0.377
0.349 0.1046 0.0908 0.402 0.353 0.407
0.380 0.1026 0.0896 0.436 0.385 0.441
0.410 0.1016 0.0893 0.467 0.414 0.471
0.437 0.1008 0.0889 0.495 0.441 0.500
0.466 0.0998 0.0893 0.521 0.469 0.525
0.495 0.0971 0.0896 0.537 0.499 0.540
0.520 0.0946 0.0898 0.548 0.523 0.552
0.548 0.0901 0.0892 0.554 0.551 0.557
0.581 0.0860 0.0891 0.560 0.583 0.563
Run: 1590kt
β = 0 deg
J CT CP η Ju ηu
0.490 0.0976 0.0891 0.537 0.494 0.541
0.521 0.0947 0.0894 0.552 0.524 0.555
0.549 0.0914 0.0895 0.560 0.552 0.563
0.578 0.0875 0.0895 0.565 0.581 0.568
0.604 0.0830 0.0884 0.567 0.607 0.569
0.631 0.0786 0.0877 0.566 0.633 0.568
0.660 0.0735 0.0865 0.560 0.661 0.562
0.685 0.0682 0.0847 0.551 0.686 0.552
0.721 0.0602 0.0822 0.528 0.722 0.529
0.749 0.0527 0.0788 0.502 0.750 0.502
0.782 0.0440 0.0749 0.460 0.783 0.460
0.809 0.0378 0.0717 0.427 0.809 0.427
0.840 0.0294 0.0670 0.369 0.840 0.369
0.862 0.0239 0.0639 0.322 0.861 0.321
0.899 0.0148 0.0589 0.225 0.898 0.225
0.919 0.0107 0.0566 0.175 0.918 0.174
0.956 0.0012 0.0508 0.023 0.955 0.023
0.984 -0.0053 0.0466 -0.111 0.982 -0.111
1.013 -0.0125 0.0420 -0.303 1.011 -0.302
1.042 -0.0196 0.0371 -0.552 1.040 -0.551
1.071 -0.0267 0.0322 -0.887 1.068 -0.885
1.099 -0.0336 0.0273 -1.355 1.097 -1.352
1.129 -0.0409 0.0221 -2.093 1.126 -2.087
1.160 -0.0490 0.0167 -3.406 1.157 -3.396
Run: 1591kt
β = 15 deg
J CT CP η Ju ηu
0.122 0.1139 0.0991 0.140 0.128 0.147
0.148 0.1124 0.0989 0.168 0.154 0.175
0.178 0.1107 0.0984 0.200 0.183 0.206
0.204 0.1094 0.0976 0.228 0.209 0.234
0.233 0.1082 0.0962 0.261 0.238 0.268
0.264 0.1067 0.0948 0.297 0.269 0.303
0.292 0.1047 0.0932 0.328 0.297 0.334
0.320 0.1031 0.0922 0.358 0.325 0.364
0.349 0.1018 0.0914 0.388 0.353 0.393
0.377 0.1002 0.0904 0.418 0.382 0.423
0.406 0.0988 0.0902 0.445 0.410 0.449
0.434 0.0969 0.0900 0.468 0.438 0.472
0.466 0.0938 0.0896 0.488 0.470 0.492
0.496 0.0912 0.0897 0.504 0.499 0.508
0.524 0.0880 0.0896 0.515 0.527 0.518
0.548 0.0848 0.0891 0.521 0.551 0.524
0.576 0.0808 0.0886 0.526 0.579 0.528
Run: 1592kt
β = 15 deg
J CT CP η Ju ηu
0.490 0.0925 0.0898 0.505 0.493 0.508
0.520 0.0890 0.0893 0.518 0.523 0.521
0.549 0.0852 0.0891 0.525 0.552 0.528
0.583 0.0814 0.0891 0.532 0.585 0.534
0.609 0.0768 0.0883 0.530 0.611 0.532
0.638 0.0718 0.0876 0.523 0.640 0.525
0.664 0.0673 0.0867 0.516 0.666 0.517
0.691 0.0612 0.0849 0.498 0.692 0.499
0.727 0.0531 0.0825 0.467 0.728 0.468
0.754 0.0474 0.0806 0.443 0.754 0.443
0.784 0.0396 0.0773 0.402 0.784 0.402
0.808 0.0330 0.0743 0.359 0.808 0.359
0.840 0.0250 0.0704 0.298 0.840 0.298
0.863 0.0195 0.0677 0.248 0.863 0.248
0.898 0.0105 0.0632 0.149 0.897 0.148
0.920 0.0052 0.0606 0.078 0.919 0.078
0.955 -0.0036 0.0560 -0.062 0.953 -0.062
0.975 -0.0087 0.0533 -0.159 0.973 -0.158
1.015 -0.0190 0.0477 -0.404 1.013 -0.403
1.041 -0.0252 0.0443 -0.593 1.038 -0.592
1.071 -0.0334 0.0399 -0.895 1.068 -0.893
1.101 -0.0412 0.0356 -1.273 1.098 -1.269
1.116 -0.0448 0.0336 -1.485 1.113 -1.481
1.158 -0.0562 0.0270 -2.411 1.154 -2.404
119
Run: 1587kt
β = 30 deg
J CT CP η Ju ηu
0.120 0.1150 0.0992 0.140 0.127 0.147
0.149 0.1130 0.0989 0.170 0.155 0.177
0.174 0.1110 0.0986 0.196 0.180 0.202
0.204 0.1092 0.0980 0.227 0.209 0.233
0.235 0.1075 0.0971 0.260 0.240 0.266
0.263 0.1060 0.0961 0.290 0.268 0.296
0.291 0.1054 0.0954 0.321 0.296 0.326
0.321 0.1040 0.0941 0.355 0.326 0.360
0.347 0.1024 0.0927 0.383 0.351 0.388
0.380 0.1006 0.0922 0.414 0.384 0.419
0.411 0.0997 0.0924 0.444 0.415 0.448
0.438 0.0974 0.0916 0.466 0.442 0.470
0.469 0.0945 0.0909 0.487 0.472 0.491
0.495 0.0921 0.0907 0.502 0.498 0.506
0.519 0.0898 0.0910 0.512 0.522 0.515
0.548 0.0864 0.0906 0.523 0.551 0.526
0.577 0.0830 0.0903 0.530 0.579 0.532
Run: 1588kt
β = 30 deg
J CT CP η Ju ηu
0.491 0.0930 0.0911 0.502 0.495 0.505
0.518 0.0901 0.0907 0.514 0.521 0.517
0.545 0.0870 0.0904 0.525 0.548 0.527
0.575 0.0836 0.0899 0.535 0.578 0.537
0.607 0.0798 0.0900 0.539 0.609 0.541
0.637 0.0758 0.0893 0.541 0.639 0.542
0.663 0.0719 0.0886 0.538 0.664 0.539
0.698 0.0661 0.0876 0.527 0.699 0.528
0.721 0.0621 0.0866 0.517 0.722 0.518
0.754 0.0559 0.0847 0.498 0.755 0.498
0.779 0.0514 0.0836 0.479 0.780 0.479
0.809 0.0464 0.0821 0.456 0.809 0.457
0.842 0.0391 0.0795 0.415 0.842 0.415
0.866 0.0339 0.0774 0.379 0.866 0.379
0.892 0.0294 0.0763 0.344 0.891 0.344
0.929 0.0214 0.0732 0.272 0.929 0.271
0.953 0.0163 0.0712 0.219 0.952 0.218
0.976 0.0114 0.0691 0.161 0.975 0.161
1.013 0.0032 0.0660 0.049 1.011 0.049
1.037 -0.0027 0.0633 -0.045 1.035 -0.045
1.059 -0.0079 0.0609 -0.137 1.057 -0.136
1.098 -0.0179 0.0565 -0.348 1.096 -0.347
1.119 -0.0224 0.0547 -0.458 1.117 -0.457
1.155 -0.0313 0.0505 -0.717 1.152 -0.715
Run: 1585kt
β = 40 deg
J CT CP η Ju ηu
0.118 0.1140 0.0991 0.135 0.124 0.142
0.147 0.1119 0.0989 0.166 0.153 0.173
0.175 0.1109 0.0991 0.196 0.181 0.202
0.203 0.1095 0.0989 0.225 0.209 0.231
0.236 0.1078 0.0982 0.259 0.241 0.265
0.263 0.1060 0.0973 0.286 0.268 0.292
0.291 0.1047 0.0969 0.314 0.296 0.320
0.321 0.1040 0.0966 0.346 0.326 0.351
0.350 0.1033 0.0957 0.378 0.355 0.383
0.376 0.1015 0.0943 0.405 0.381 0.410
0.407 0.1012 0.0943 0.437 0.411 0.441
0.431 0.0993 0.0933 0.459 0.435 0.463
0.462 0.0987 0.0938 0.486 0.465 0.490
0.493 0.0956 0.0927 0.508 0.496 0.512
0.526 0.0934 0.0925 0.531 0.529 0.534
0.553 0.0911 0.0927 0.544 0.556 0.547
0.577 0.0888 0.0924 0.554 0.579 0.557
Run: 1586kt
β = 40 deg
J CT CP η Ju ηu
0.488 0.0962 0.0924 0.509 0.492 0.512
0.519 0.0943 0.0926 0.529 0.523 0.532
0.549 0.0919 0.0923 0.546 0.552 0.549
0.576 0.0896 0.0926 0.558 0.579 0.560
0.607 0.0867 0.0926 0.568 0.609 0.571
0.636 0.0840 0.0925 0.577 0.638 0.579
0.668 0.0796 0.0920 0.578 0.670 0.579
0.694 0.0764 0.0913 0.581 0.696 0.583
0.719 0.0734 0.0910 0.580 0.720 0.581
0.753 0.0691 0.0905 0.575 0.754 0.576
0.778 0.0649 0.0896 0.564 0.779 0.565
0.805 0.0608 0.0886 0.553 0.806 0.553
0.834 0.0567 0.0878 0.539 0.834 0.539
0.869 0.0506 0.0859 0.512 0.869 0.512
0.900 0.0461 0.0852 0.486 0.900 0.486
0.925 0.0415 0.0834 0.460 0.924 0.460
0.953 0.0369 0.0823 0.427 0.953 0.427
0.979 0.0326 0.0806 0.395 0.979 0.395
1.006 0.0277 0.0792 0.352 1.006 0.352
1.044 0.0210 0.0769 0.285 1.043 0.285
1.069 0.0170 0.0758 0.240 1.067 0.240
1.094 0.0123 0.0738 0.182 1.092 0.181
1.131 0.0047 0.0710 0.075 1.129 0.075
1.157 0.0003 0.0696 0.006 1.155 0.006
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Run: 1583rd
β = 45 deg
J CT CP η Ju ηu
0.117 0.1138 0.1002 0.133 0.124 0.140
0.146 0.1123 0.1003 0.164 0.152 0.170
0.174 0.1106 0.0995 0.193 0.179 0.199
0.201 0.1097 0.0993 0.222 0.206 0.228
0.231 0.1085 0.0989 0.253 0.236 0.259
0.263 0.1070 0.0985 0.285 0.268 0.291
0.291 0.1059 0.0980 0.314 0.296 0.320
0.322 0.1052 0.0977 0.347 0.327 0.352
0.348 0.1042 0.0972 0.374 0.353 0.378
0.378 0.1034 0.0964 0.406 0.383 0.410
0.405 0.1024 0.0959 0.433 0.410 0.437
0.434 0.1007 0.0950 0.460 0.438 0.464
0.461 0.0996 0.0953 0.482 0.465 0.486
0.490 0.0980 0.0945 0.508 0.493 0.512
0.519 0.0964 0.0945 0.529 0.522 0.532
0.549 0.0943 0.0941 0.550 0.552 0.553
0.578 0.0918 0.0937 0.566 0.581 0.569
Run: 1584rd
β = 45 deg
J CT CP η Ju ηu
0.494 0.0981 0.0947 0.511 0.497 0.515
0.521 0.0968 0.0946 0.533 0.524 0.537
0.551 0.0950 0.0944 0.555 0.554 0.558
0.584 0.0925 0.0941 0.574 0.586 0.577
0.610 0.0899 0.0938 0.584 0.612 0.587
0.635 0.0883 0.0940 0.597 0.638 0.599
0.665 0.0852 0.0939 0.603 0.667 0.605
0.697 0.0808 0.0926 0.608 0.699 0.609
0.728 0.0780 0.0932 0.610 0.729 0.611
0.754 0.0751 0.0929 0.609 0.756 0.611
0.783 0.0714 0.0922 0.607 0.784 0.607
0.809 0.0675 0.0913 0.598 0.810 0.599
0.840 0.0638 0.0909 0.590 0.841 0.590
0.864 0.0602 0.0899 0.579 0.865 0.579
0.893 0.0560 0.0890 0.562 0.893 0.562
0.919 0.0516 0.0876 0.542 0.920 0.542
0.953 0.0463 0.0862 0.512 0.953 0.512
0.984 0.0424 0.0855 0.487 0.983 0.487
1.009 0.0382 0.0840 0.459 1.009 0.459
1.036 0.0348 0.0835 0.432 1.036 0.432
1.063 0.0300 0.0817 0.391 1.062 0.390
1.096 0.0249 0.0799 0.342 1.094 0.341
1.122 0.0209 0.0788 0.297 1.121 0.297










































































































































































































β = 0 deg
J CT CP η Ju ηu
0.101 0.1068 0.0519 0.209 0.106 0.219
0.129 0.1048 0.0522 0.260 0.134 0.269
0.148 0.1030 0.0523 0.291 0.152 0.300
0.173 0.1011 0.0527 0.333 0.178 0.341
0.199 0.0987 0.0528 0.372 0.203 0.380
0.222 0.0965 0.0530 0.404 0.226 0.411
0.249 0.0932 0.0530 0.439 0.253 0.446
0.274 0.0904 0.0531 0.467 0.278 0.473
0.298 0.0879 0.0532 0.491 0.301 0.497
0.323 0.0844 0.0532 0.513 0.326 0.518
0.348 0.0808 0.0531 0.530 0.351 0.535
0.373 0.0770 0.0529 0.543 0.376 0.547
0.399 0.0711 0.0518 0.547 0.401 0.551
0.419 0.0658 0.0504 0.548 0.421 0.550
0.448 0.0576 0.0476 0.542 0.450 0.544
0.470 0.0514 0.0454 0.533 0.471 0.535
0.497 0.0440 0.0423 0.516 0.498 0.517
Run: 1646kt
β = 0 deg
J CT CP η Ju ηu
0.421 0.0653 0.0501 0.549 0.423 0.552
0.445 0.0586 0.0479 0.545 0.447 0.547
0.469 0.0515 0.0452 0.534 0.470 0.536
0.490 0.0459 0.0430 0.523 0.491 0.524
0.518 0.0389 0.0401 0.503 0.519 0.503
0.540 0.0338 0.0379 0.481 0.541 0.481
0.571 0.0267 0.0349 0.436 0.572 0.436
0.593 0.0219 0.0329 0.395 0.593 0.395
0.620 0.0161 0.0304 0.328 0.620 0.328
0.640 0.0118 0.0287 0.265 0.640 0.264
0.670 0.0053 0.0259 0.136 0.669 0.136
0.689 0.0007 0.0239 0.020 0.688 0.020
0.719 -0.0063 0.0206 -0.218 0.718 -0.218
0.737 -0.0105 0.0187 -0.416 0.736 -0.415
0.768 -0.0179 0.0150 -0.916 0.766 -0.913
0.793 -0.0242 0.0118 -1.623 0.791 -1.618
0.818 -0.0305 0.0085 -2.936 0.815 -2.927
Run: 1647kt
β = 15 deg
J CT CP η Ju ηu
0.102 0.1060 0.0518 0.208 0.106 0.218
0.124 0.1043 0.0522 0.247 0.128 0.257
0.147 0.1019 0.0524 0.286 0.152 0.295
0.175 0.0990 0.0525 0.329 0.179 0.337
0.200 0.0965 0.0528 0.365 0.204 0.373
0.225 0.0937 0.0529 0.400 0.229 0.407
0.249 0.0910 0.0530 0.428 0.253 0.434
0.275 0.0879 0.0531 0.456 0.279 0.461
0.300 0.0844 0.0530 0.478 0.303 0.483
0.325 0.0813 0.0531 0.497 0.328 0.502
0.348 0.0779 0.0530 0.511 0.351 0.516
0.374 0.0737 0.0526 0.523 0.376 0.527
0.393 0.0701 0.0523 0.527 0.395 0.530
0.420 0.0636 0.0507 0.526 0.422 0.529
0.444 0.0573 0.0491 0.518 0.445 0.520
0.473 0.0491 0.0465 0.499 0.474 0.501
0.495 0.0429 0.0443 0.479 0.496 0.480
Run: 1648kt
β = 15 deg
J CT CP η Ju ηu
0.422 0.0631 0.0507 0.524 0.424 0.527
0.443 0.0577 0.0493 0.518 0.445 0.520
0.471 0.0497 0.0467 0.501 0.473 0.502
0.495 0.0432 0.0445 0.481 0.496 0.482
0.517 0.0372 0.0423 0.454 0.518 0.455
0.539 0.0316 0.0403 0.422 0.539 0.423
0.572 0.0232 0.0371 0.357 0.572 0.357
0.594 0.0177 0.0351 0.299 0.594 0.299
0.620 0.0115 0.0326 0.218 0.619 0.218
0.642 0.0062 0.0306 0.130 0.641 0.130
0.664 0.0006 0.0284 0.015 0.663 0.015
0.685 -0.0040 0.0265 -0.103 0.683 -0.103
0.714 -0.0111 0.0236 -0.336 0.712 -0.335
0.738 -0.0167 0.0211 -0.583 0.736 -0.582
0.766 -0.0238 0.0180 -1.010 0.763 -1.007
0.791 -0.0301 0.0151 -1.580 0.788 -1.575
0.818 -0.0372 0.0119 -2.547 0.815 -2.539
0.842 -0.0438 0.0091 -4.062 0.839 -4.048
0.865 -0.0503 0.0062 -6.998 0.862 -6.973
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Run: 1649kt
β = 30 deg
J CT CP η Ju ηu
0.099 0.1057 0.0517 0.203 0.104 0.213
0.125 0.1035 0.0522 0.248 0.130 0.257
0.149 0.1012 0.0525 0.287 0.153 0.295
0.173 0.0989 0.0527 0.325 0.178 0.333
0.200 0.0967 0.0530 0.364 0.204 0.372
0.224 0.0941 0.0531 0.397 0.228 0.404
0.249 0.0914 0.0532 0.428 0.253 0.435
0.275 0.0887 0.0533 0.457 0.278 0.463
0.300 0.0858 0.0533 0.483 0.303 0.489
0.324 0.0831 0.0533 0.505 0.327 0.510
0.349 0.0800 0.0533 0.524 0.352 0.529
0.373 0.0765 0.0531 0.537 0.376 0.541
0.398 0.0726 0.0528 0.548 0.401 0.551
0.419 0.0693 0.0524 0.553 0.421 0.556
0.443 0.0647 0.0517 0.555 0.445 0.557
0.471 0.0587 0.0503 0.550 0.473 0.552
0.496 0.0535 0.0490 0.540 0.497 0.542
Run: 1650kt
β = 30 deg
J CT CP η Ju ηu
0.420 0.0692 0.0524 0.555 0.423 0.558
0.442 0.0649 0.0517 0.555 0.444 0.557
0.470 0.0591 0.0504 0.551 0.472 0.553
0.493 0.0542 0.0492 0.543 0.495 0.545
0.516 0.0491 0.0478 0.529 0.517 0.530
0.539 0.0441 0.0464 0.512 0.540 0.512
0.571 0.0365 0.0441 0.474 0.572 0.474
0.588 0.0326 0.0429 0.447 0.589 0.447
0.621 0.0251 0.0404 0.386 0.621 0.386
0.639 0.0211 0.0390 0.346 0.638 0.346
0.666 0.0143 0.0368 0.259 0.665 0.259
0.694 0.0082 0.0345 0.164 0.693 0.164
0.716 0.0033 0.0327 0.072 0.715 0.072
0.737 -0.0013 0.0309 -0.030 0.736 -0.030
0.768 -0.0082 0.0281 -0.226 0.766 -0.225
0.789 -0.0130 0.0262 -0.391 0.787 -0.390
0.810 -0.0178 0.0244 -0.592 0.808 -0.591
0.842 -0.0250 0.0214 -0.983 0.839 -0.980
0.861 -0.0298 0.0196 -1.308 0.859 -1.305
0.890 -0.0367 0.0171 -1.911 0.888 -1.906
0.909 -0.0413 0.0153 -2.453 0.907 -2.445
0.933 -0.0474 0.0131 -3.363 0.930 -3.352
0.965 -0.0557 0.0101 -5.302 0.962 -5.285
0.983 -0.0602 0.0086 -6.912 0.980 -6.889
Run: 1641kt
β = 40 deg
J CT CP η Ju ηu
0.101 0.1052 0.0517 0.206 0.106 0.216
0.126 0.1034 0.0521 0.250 0.131 0.259
0.150 0.1017 0.0524 0.290 0.154 0.299
0.174 0.0998 0.0527 0.330 0.178 0.338
0.202 0.0976 0.0529 0.373 0.206 0.381
0.225 0.0956 0.0530 0.405 0.229 0.413
0.251 0.0934 0.0531 0.441 0.254 0.448
0.276 0.0913 0.0531 0.474 0.279 0.481
0.302 0.0890 0.0531 0.506 0.305 0.512
0.326 0.0868 0.0532 0.532 0.329 0.538
0.350 0.0843 0.0532 0.555 0.353 0.560
0.376 0.0816 0.0533 0.576 0.379 0.581
0.400 0.0786 0.0533 0.590 0.403 0.594
0.422 0.0758 0.0531 0.603 0.425 0.606
0.450 0.0716 0.0530 0.609 0.453 0.612
0.471 0.0686 0.0526 0.614 0.473 0.616
0.496 0.0644 0.0520 0.614 0.498 0.616
Run: 1642kt
β = 40 deg
J CT CP η Ju ηu
0.421 0.0761 0.0532 0.602 0.423 0.606
0.446 0.0726 0.0529 0.611 0.448 0.614
0.471 0.0686 0.0525 0.616 0.473 0.618
0.497 0.0645 0.0519 0.618 0.498 0.620
0.523 0.0599 0.0511 0.613 0.524 0.615
0.543 0.0564 0.0504 0.608 0.545 0.609
0.568 0.0519 0.0494 0.596 0.569 0.597
0.592 0.0476 0.0486 0.580 0.593 0.580
0.620 0.0426 0.0474 0.557 0.621 0.558
0.644 0.0383 0.0464 0.531 0.644 0.531
0.666 0.0344 0.0455 0.504 0.666 0.504
0.684 0.0309 0.0446 0.474 0.684 0.474
0.720 0.0243 0.0427 0.410 0.720 0.409
0.741 0.0200 0.0414 0.359 0.741 0.359
0.764 0.0157 0.0400 0.300 0.763 0.300
0.786 0.0113 0.0386 0.230 0.786 0.230
0.816 0.0056 0.0367 0.124 0.815 0.124
0.835 0.0016 0.0354 0.038 0.834 0.038
0.861 -0.0036 0.0336 -0.092 0.860 -0.091
0.891 -0.0099 0.0316 -0.279 0.889 -0.278
0.913 -0.0146 0.0300 -0.444 0.911 -0.443
0.936 -0.0195 0.0284 -0.640 0.933 -0.638
0.965 -0.0258 0.0264 -0.941 0.962 -0.939
0.984 -0.0301 0.0249 -1.190 0.982 -1.187
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Run: 1643kt
β = 45 deg
J CT CP η Ju ηu
0.102 0.1055 0.0519 0.206 0.106 0.216
0.126 0.1039 0.0523 0.251 0.131 0.260
0.148 0.1022 0.0525 0.289 0.153 0.298
0.173 0.1005 0.0527 0.330 0.178 0.339
0.198 0.0986 0.0529 0.369 0.202 0.377
0.224 0.0968 0.0531 0.409 0.228 0.416
0.249 0.0950 0.0531 0.446 0.253 0.453
0.275 0.0934 0.0533 0.482 0.279 0.489
0.299 0.0916 0.0533 0.514 0.302 0.520
0.325 0.0895 0.0535 0.544 0.328 0.549
0.350 0.0871 0.0534 0.571 0.353 0.576
0.375 0.0850 0.0536 0.595 0.378 0.600
0.398 0.0825 0.0536 0.613 0.401 0.617
0.424 0.0800 0.0538 0.629 0.426 0.633
0.448 0.0774 0.0538 0.646 0.451 0.649
0.470 0.0745 0.0535 0.655 0.472 0.658
0.495 0.0714 0.0535 0.661 0.497 0.664
Run: 1644kt
β = 45 deg
J CT CP η Ju ηu
0.418 0.0806 0.0535 0.630 0.421 0.634
0.447 0.0776 0.0535 0.648 0.449 0.651
0.471 0.0748 0.0534 0.659 0.473 0.662
0.499 0.0708 0.0531 0.665 0.501 0.668
0.524 0.0671 0.0527 0.668 0.526 0.670
0.545 0.0639 0.0522 0.668 0.547 0.670
0.574 0.0594 0.0515 0.662 0.575 0.663
0.592 0.0566 0.0511 0.656 0.593 0.657
0.615 0.0531 0.0505 0.647 0.616 0.648
0.643 0.0487 0.0496 0.631 0.643 0.632
0.665 0.0454 0.0488 0.618 0.665 0.618
0.694 0.0404 0.0478 0.586 0.694 0.586
0.717 0.0364 0.0469 0.557 0.717 0.557
0.740 0.0329 0.0460 0.528 0.739 0.528
0.763 0.0285 0.0449 0.485 0.763 0.485
0.793 0.0231 0.0435 0.421 0.792 0.421
0.814 0.0192 0.0424 0.368 0.814 0.368
0.838 0.0146 0.0410 0.299 0.837 0.299
0.859 0.0109 0.0398 0.236 0.858 0.236
0.890 0.0051 0.0380 0.119 0.889 0.119
0.912 0.0008 0.0367 0.020 0.911 0.020
0.936 -0.0036 0.0352 -0.096 0.934 -0.096
0.957 -0.0075 0.0338 -0.213 0.955 -0.213




































































































































































































β = 0 deg
J CT CP η Ju ηu
0.101 0.1051 0.0517 0.205 0.107 0.217
0.125 0.1037 0.0519 0.250 0.131 0.262
0.149 0.1021 0.0521 0.292 0.155 0.303
0.172 0.1004 0.0522 0.330 0.177 0.340
0.196 0.0983 0.0523 0.369 0.202 0.379
0.221 0.0963 0.0525 0.406 0.226 0.415
0.247 0.0941 0.0526 0.441 0.251 0.450
0.270 0.0917 0.0527 0.471 0.275 0.479
0.294 0.0891 0.0527 0.498 0.299 0.505
0.317 0.0868 0.0528 0.522 0.322 0.529
0.343 0.0838 0.0527 0.545 0.347 0.551
0.366 0.0811 0.0527 0.564 0.370 0.570
0.387 0.0784 0.0527 0.577 0.391 0.582
0.410 0.0750 0.0525 0.586 0.414 0.591
0.434 0.0714 0.0524 0.593 0.437 0.597
0.455 0.0675 0.0517 0.594 0.458 0.598
0.482 0.0610 0.0499 0.590 0.484 0.592
Run: 1653kt
β = 0 deg
J CT CP η Ju ηu
0.409 0.0754 0.0525 0.587 0.412 0.591
0.434 0.0714 0.0523 0.593 0.437 0.597
0.458 0.0671 0.0516 0.596 0.461 0.599
0.487 0.0599 0.0495 0.590 0.489 0.592
0.501 0.0560 0.0481 0.583 0.503 0.586
0.530 0.0469 0.0443 0.562 0.531 0.564
0.558 0.0391 0.0408 0.534 0.559 0.535
0.576 0.0346 0.0388 0.514 0.577 0.515
0.601 0.0288 0.0361 0.478 0.601 0.479
0.624 0.0240 0.0338 0.442 0.624 0.442
0.654 0.0177 0.0308 0.375 0.653 0.375
0.673 0.0134 0.0288 0.313 0.672 0.312
0.702 0.0071 0.0260 0.192 0.701 0.192
0.718 0.0034 0.0242 0.101 0.717 0.101
0.745 -0.0026 0.0212 -0.090 0.743 -0.090
0.772 -0.0090 0.0179 -0.389 0.771 -0.389
0.796 -0.0144 0.0151 -0.757 0.794 -0.755
0.824 -0.0208 0.0118 -1.457 0.821 -1.453
0.843 -0.0255 0.0092 -2.344 0.840 -2.338
0.867 -0.0315 0.0059 -4.649 0.865 -4.635
Run: 1654kt
β = 15 deg
J CT CP η Ju ηu
0.100 0.1047 0.0516 0.203 0.106 0.215
0.122 0.1030 0.0519 0.243 0.128 0.254
0.148 0.1010 0.0521 0.286 0.153 0.297
0.172 0.0990 0.0523 0.325 0.177 0.336
0.197 0.0968 0.0524 0.363 0.202 0.373
0.220 0.0947 0.0525 0.396 0.225 0.405
0.245 0.0922 0.0526 0.430 0.250 0.438
0.271 0.0898 0.0527 0.462 0.276 0.470
0.295 0.0873 0.0527 0.487 0.299 0.494
0.318 0.0845 0.0527 0.510 0.322 0.517
0.344 0.0815 0.0527 0.532 0.348 0.538
0.365 0.0788 0.0526 0.547 0.369 0.552
0.392 0.0754 0.0525 0.562 0.395 0.567
0.415 0.0721 0.0524 0.571 0.418 0.575
0.438 0.0683 0.0521 0.574 0.440 0.577
0.461 0.0642 0.0516 0.574 0.463 0.577
0.483 0.0593 0.0505 0.567 0.485 0.570
Run: 1655kt
β = 15 deg
J CT CP η Ju ηu
0.411 0.0727 0.0523 0.571 0.414 0.575
0.434 0.0691 0.0522 0.576 0.437 0.579
0.459 0.0645 0.0515 0.575 0.462 0.578
0.478 0.0604 0.0506 0.571 0.481 0.573
0.505 0.0537 0.0488 0.556 0.506 0.558
0.526 0.0479 0.0468 0.539 0.528 0.540
0.551 0.0409 0.0442 0.510 0.552 0.510
0.580 0.0326 0.0408 0.463 0.581 0.463
0.597 0.0285 0.0392 0.434 0.597 0.434
0.630 0.0200 0.0356 0.354 0.630 0.354
0.648 0.0158 0.0338 0.303 0.648 0.303
0.677 0.0087 0.0307 0.193 0.676 0.192
0.697 0.0045 0.0288 0.109 0.696 0.109
0.725 -0.0019 0.0260 -0.054 0.723 -0.054
0.743 -0.0059 0.0241 -0.182 0.741 -0.182
0.774 -0.0132 0.0208 -0.493 0.772 -0.492
0.791 -0.0170 0.0190 -0.705 0.789 -0.703
0.820 -0.0240 0.0155 -1.266 0.817 -1.262
0.843 -0.0296 0.0127 -1.969 0.841 -1.963
0.868 -0.0359 0.0097 -3.217 0.865 -3.206
127
Run: 1656kt
β = 30 deg
J CT CP η Ju ηu
0.099 0.1036 0.0516 0.198 0.105 0.210
0.125 0.1016 0.0519 0.244 0.130 0.255
0.146 0.1000 0.0521 0.280 0.151 0.291
0.172 0.0979 0.0523 0.322 0.177 0.332
0.196 0.0960 0.0524 0.359 0.201 0.368
0.220 0.0939 0.0526 0.394 0.226 0.403
0.246 0.0917 0.0528 0.428 0.251 0.437
0.269 0.0895 0.0527 0.457 0.274 0.465
0.294 0.0873 0.0528 0.486 0.298 0.493
0.317 0.0851 0.0528 0.511 0.321 0.517
0.343 0.0823 0.0527 0.536 0.347 0.542
0.366 0.0802 0.0529 0.556 0.370 0.561
0.388 0.0775 0.0527 0.570 0.391 0.575
0.412 0.0747 0.0527 0.584 0.415 0.588
0.440 0.0709 0.0526 0.594 0.443 0.598
0.459 0.0684 0.0523 0.600 0.462 0.604
0.481 0.0647 0.0518 0.602 0.484 0.605
Run: 1657kt
β = 30 deg
J CT CP η Ju ηu
0.413 0.0745 0.0526 0.585 0.416 0.589
0.436 0.0715 0.0525 0.595 0.439 0.599
0.459 0.0683 0.0522 0.601 0.461 0.604
0.482 0.0646 0.0517 0.602 0.484 0.605
0.506 0.0605 0.0510 0.600 0.508 0.603
0.527 0.0566 0.0502 0.594 0.529 0.596
0.549 0.0521 0.0491 0.582 0.550 0.584
0.582 0.0449 0.0470 0.556 0.583 0.557
0.603 0.0406 0.0457 0.535 0.603 0.535
0.629 0.0350 0.0440 0.501 0.630 0.501
0.646 0.0315 0.0428 0.476 0.646 0.476
0.673 0.0256 0.0409 0.421 0.673 0.421
0.692 0.0212 0.0393 0.373 0.692 0.373
0.724 0.0140 0.0368 0.275 0.723 0.275
0.742 0.0099 0.0353 0.208 0.741 0.208
0.775 0.0024 0.0323 0.057 0.774 0.057
0.794 -0.0017 0.0308 -0.043 0.793 -0.043
0.820 -0.0075 0.0282 -0.220 0.819 -0.219
0.840 -0.0119 0.0265 -0.379 0.839 -0.378
0.868 -0.0179 0.0239 -0.648 0.865 -0.647
0.886 -0.0220 0.0223 -0.871 0.884 -0.869
0.917 -0.0289 0.0194 -1.370 0.914 -1.366
0.933 -0.0325 0.0179 -1.695 0.931 -1.690
0.964 -0.0397 0.0149 -2.575 0.961 -2.567
Run: 1658kt
β = 40 deg
J CT CP η Ju ηu
0.098 0.1034 0.0516 0.197 0.104 0.209
0.124 0.1016 0.0518 0.244 0.130 0.255
0.147 0.1002 0.0521 0.283 0.153 0.294
0.170 0.0985 0.0522 0.321 0.175 0.331
0.193 0.0970 0.0524 0.358 0.199 0.368
0.219 0.0953 0.0526 0.397 0.224 0.407
0.244 0.0934 0.0526 0.434 0.249 0.443
0.268 0.0917 0.0526 0.468 0.273 0.476
0.294 0.0899 0.0527 0.501 0.298 0.508
0.317 0.0883 0.0528 0.530 0.321 0.537
0.344 0.0859 0.0528 0.560 0.348 0.566
0.367 0.0838 0.0528 0.582 0.370 0.588
0.392 0.0815 0.0529 0.604 0.396 0.609
0.416 0.0789 0.0529 0.621 0.419 0.626
0.440 0.0766 0.0530 0.635 0.443 0.639
0.464 0.0739 0.0531 0.646 0.467 0.650
0.488 0.0710 0.0530 0.654 0.490 0.657
Run: 1659kt
β = 40 deg
J CT CP η Ju ηu
0.413 0.0794 0.0528 0.621 0.416 0.626
0.437 0.0769 0.0528 0.636 0.440 0.640
0.460 0.0745 0.0530 0.647 0.463 0.651
0.484 0.0716 0.0529 0.655 0.487 0.659
0.507 0.0685 0.0527 0.660 0.510 0.663
0.536 0.0646 0.0523 0.663 0.538 0.666
0.558 0.0612 0.0517 0.661 0.560 0.663
0.580 0.0577 0.0510 0.657 0.582 0.659
0.598 0.0545 0.0503 0.648 0.600 0.650
0.624 0.0501 0.0492 0.635 0.625 0.636
0.648 0.0458 0.0483 0.615 0.649 0.616
0.675 0.0414 0.0471 0.593 0.675 0.594
0.696 0.0380 0.0463 0.572 0.697 0.573
0.724 0.0332 0.0449 0.535 0.725 0.535
0.746 0.0295 0.0439 0.500 0.746 0.500
0.767 0.0257 0.0428 0.461 0.767 0.461
0.797 0.0204 0.0412 0.394 0.797 0.394
0.818 0.0167 0.0401 0.341 0.817 0.341
0.838 0.0130 0.0388 0.280 0.837 0.280
0.866 0.0079 0.0370 0.185 0.865 0.185
0.886 0.0042 0.0358 0.105 0.885 0.104
0.917 -0.0016 0.0337 -0.045 0.915 -0.045
0.937 -0.0055 0.0324 -0.159 0.935 -0.158
0.967 -0.0111 0.0303 -0.354 0.965 -0.353
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Run: 1660kt
β = 45 deg
J CT CP η Ju ηu
0.097 0.1034 0.0514 0.195 0.103 0.207
0.125 0.1019 0.0518 0.246 0.131 0.257
0.147 0.1005 0.0520 0.284 0.152 0.295
0.171 0.0990 0.0521 0.324 0.176 0.335
0.196 0.0974 0.0522 0.365 0.201 0.375
0.220 0.0957 0.0523 0.402 0.225 0.411
0.244 0.0944 0.0524 0.440 0.249 0.448
0.269 0.0929 0.0525 0.476 0.274 0.484
0.295 0.0913 0.0526 0.511 0.299 0.519
0.319 0.0897 0.0528 0.542 0.323 0.549
0.342 0.0881 0.0528 0.570 0.346 0.577
0.367 0.0864 0.0530 0.598 0.371 0.604
0.389 0.0845 0.0531 0.620 0.393 0.625
0.416 0.0820 0.0532 0.641 0.419 0.646
0.440 0.0801 0.0535 0.658 0.443 0.663
0.461 0.0778 0.0535 0.671 0.464 0.676
0.486 0.0754 0.0535 0.685 0.488 0.689
Run: 1661kt
β = 45 deg
J CT CP η Ju ηu
0.413 0.0824 0.0532 0.640 0.417 0.645
0.438 0.0801 0.0534 0.657 0.441 0.662
0.465 0.0775 0.0534 0.674 0.468 0.679
0.483 0.0759 0.0535 0.685 0.486 0.689
0.509 0.0733 0.0535 0.698 0.512 0.702
0.534 0.0707 0.0534 0.707 0.536 0.710
0.557 0.0678 0.0531 0.711 0.559 0.713
0.584 0.0640 0.0525 0.712 0.586 0.714
0.602 0.0615 0.0521 0.710 0.603 0.712
0.625 0.0579 0.0513 0.704 0.626 0.706
0.646 0.0547 0.0507 0.697 0.648 0.699
0.673 0.0506 0.0498 0.684 0.674 0.685
0.694 0.0477 0.0491 0.674 0.695 0.675
0.726 0.0427 0.0479 0.647 0.726 0.647
0.747 0.0397 0.0472 0.629 0.748 0.629
0.770 0.0366 0.0464 0.607 0.770 0.607
0.790 0.0333 0.0455 0.579 0.790 0.579
0.820 0.0285 0.0443 0.527 0.820 0.527
0.842 0.0250 0.0433 0.486 0.842 0.486
0.862 0.0218 0.0423 0.444 0.862 0.444
0.893 0.0167 0.0409 0.366 0.892 0.365
0.915 0.0131 0.0397 0.303 0.914 0.303
0.935 0.0099 0.0386 0.239 0.933 0.238







































































































































































































β = 0 deg
J CT CP η Ju ηu
0.115 0.0976 0.0454 0.247 0.122 0.262
0.137 0.0960 0.0457 0.287 0.143 0.301
0.157 0.0946 0.0460 0.323 0.164 0.337
0.183 0.0928 0.0464 0.366 0.189 0.379
0.202 0.0912 0.0466 0.395 0.208 0.407
0.224 0.0892 0.0468 0.428 0.230 0.439
0.246 0.0870 0.0469 0.457 0.252 0.468
0.268 0.0850 0.0471 0.483 0.273 0.493
0.291 0.0828 0.0472 0.511 0.296 0.520
0.314 0.0805 0.0472 0.534 0.318 0.543
0.334 0.0782 0.0472 0.553 0.339 0.561
0.355 0.0756 0.0473 0.568 0.360 0.575
0.377 0.0725 0.0470 0.582 0.382 0.588
0.399 0.0694 0.0468 0.592 0.403 0.597
0.419 0.0660 0.0464 0.597 0.423 0.602
0.438 0.0625 0.0456 0.599 0.441 0.604
Run: 1691kt
β = 0 deg
J CT CP η Ju ηu
0.373 0.0734 0.0472 0.580 0.377 0.586
0.399 0.0696 0.0469 0.593 0.403 0.598
0.418 0.0666 0.0465 0.599 0.422 0.604
0.439 0.0627 0.0458 0.601 0.442 0.606
0.461 0.0573 0.0442 0.597 0.464 0.601
0.485 0.0502 0.0415 0.587 0.487 0.590
0.504 0.0452 0.0395 0.576 0.506 0.578
0.528 0.0381 0.0363 0.554 0.529 0.555
0.546 0.0335 0.0342 0.535 0.547 0.536
0.566 0.0285 0.0319 0.506 0.567 0.507
0.588 0.0244 0.0300 0.478 0.588 0.478
0.611 0.0196 0.0277 0.432 0.611 0.432
0.631 0.0155 0.0258 0.380 0.631 0.380
0.659 0.0098 0.0230 0.280 0.659 0.280
0.677 0.0062 0.0213 0.196 0.676 0.196
0.697 0.0022 0.0194 0.078 0.696 0.078
0.718 -0.0024 0.0170 -0.103 0.717 -0.103
0.746 -0.0086 0.0136 -0.475 0.745 -0.474
0.766 -0.0130 0.0111 -0.900 0.764 -0.898
0.790 -0.0185 0.0079 -1.854 0.788 -1.849
Run: 1692kt
β = 15 deg
J CT CP η Ju ηu
0.113 0.0969 0.0455 0.242 0.120 0.256
0.136 0.0953 0.0458 0.283 0.143 0.297
0.157 0.0938 0.0462 0.318 0.163 0.331
0.178 0.0920 0.0464 0.353 0.184 0.365
0.202 0.0899 0.0466 0.389 0.208 0.401
0.224 0.0880 0.0469 0.420 0.230 0.431
0.247 0.0858 0.0471 0.451 0.253 0.461
0.269 0.0836 0.0471 0.478 0.275 0.488
0.291 0.0812 0.0471 0.501 0.296 0.510
0.312 0.0789 0.0473 0.521 0.317 0.529
0.332 0.0769 0.0474 0.540 0.337 0.547
0.357 0.0735 0.0471 0.557 0.361 0.563
0.378 0.0710 0.0473 0.568 0.382 0.574
0.398 0.0678 0.0471 0.573 0.402 0.578
0.420 0.0643 0.0467 0.579 0.424 0.584
0.442 0.0600 0.0460 0.577 0.445 0.581
Run: 1693kt
β = 15 deg
J CT CP η Ju ηu
0.376 0.0712 0.0471 0.568 0.380 0.574
0.397 0.0683 0.0471 0.576 0.401 0.581
0.422 0.0641 0.0466 0.580 0.425 0.585
0.442 0.0602 0.0459 0.579 0.445 0.583
0.457 0.0569 0.0452 0.576 0.460 0.580
0.478 0.0519 0.0437 0.568 0.481 0.570
0.503 0.0455 0.0416 0.550 0.505 0.552
0.521 0.0405 0.0397 0.532 0.523 0.533
0.546 0.0338 0.0370 0.499 0.547 0.500
0.569 0.0282 0.0347 0.463 0.570 0.464
0.594 0.0224 0.0322 0.413 0.594 0.413
0.613 0.0181 0.0304 0.365 0.613 0.366
0.631 0.0141 0.0286 0.310 0.631 0.310
0.659 0.0078 0.0257 0.199 0.658 0.199
0.679 0.0035 0.0238 0.100 0.678 0.100
0.698 -0.0003 0.0221 -0.008 0.696 -0.008
0.723 -0.0058 0.0194 -0.217 0.721 -0.217
0.740 -0.0095 0.0176 -0.399 0.738 -0.398
0.766 -0.0152 0.0148 -0.787 0.764 -0.785
0.783 -0.0190 0.0129 -1.149 0.781 -1.145
131
Run: 1694kt
β = 30 deg
J CT CP η Ju ηu
0.113 0.0963 0.0454 0.239 0.120 0.253
0.137 0.0945 0.0457 0.283 0.144 0.297
0.155 0.0932 0.0460 0.315 0.162 0.328
0.176 0.0915 0.0462 0.350 0.183 0.362
0.201 0.0899 0.0466 0.387 0.207 0.399
0.224 0.0880 0.0469 0.421 0.230 0.432
0.246 0.0862 0.0470 0.451 0.252 0.461
0.268 0.0841 0.0472 0.478 0.274 0.487
0.290 0.0821 0.0473 0.504 0.295 0.513
0.313 0.0801 0.0474 0.529 0.318 0.537
0.334 0.0782 0.0476 0.549 0.339 0.556
0.358 0.0759 0.0476 0.570 0.362 0.577
0.377 0.0736 0.0475 0.584 0.381 0.590
0.397 0.0710 0.0476 0.593 0.401 0.599
0.421 0.0678 0.0473 0.603 0.425 0.609
0.439 0.0655 0.0473 0.608 0.442 0.613
Run: 1695kt
β = 30 deg
J CT CP η Ju ηu
0.375 0.0739 0.0475 0.583 0.379 0.590
0.400 0.0708 0.0475 0.597 0.404 0.603
0.421 0.0679 0.0473 0.604 0.425 0.609
0.439 0.0654 0.0470 0.610 0.442 0.615
0.464 0.0615 0.0465 0.614 0.467 0.618
0.485 0.0578 0.0457 0.613 0.488 0.616
0.502 0.0547 0.0450 0.609 0.504 0.612
0.526 0.0502 0.0440 0.601 0.528 0.603
0.552 0.0449 0.0424 0.584 0.553 0.586
0.571 0.0413 0.0413 0.570 0.572 0.571
0.590 0.0373 0.0402 0.547 0.592 0.548
0.616 0.0320 0.0384 0.513 0.617 0.513
0.635 0.0281 0.0369 0.483 0.636 0.483
0.656 0.0240 0.0356 0.442 0.656 0.443
0.682 0.0182 0.0334 0.372 0.681 0.372
0.700 0.0144 0.0319 0.315 0.700 0.315
0.720 0.0102 0.0303 0.242 0.720 0.241
0.747 0.0045 0.0278 0.120 0.746 0.120
0.766 0.0005 0.0262 0.014 0.764 0.014
0.785 -0.0030 0.0246 -0.097 0.783 -0.097
0.813 -0.0094 0.0219 -0.346 0.811 -0.346
0.831 -0.0127 0.0206 -0.511 0.829 -0.510
0.849 -0.0168 0.0189 -0.756 0.847 -0.754
0.873 -0.0220 0.0168 -1.141 0.870 -1.138
Run: 1696kt
β = 40 deg
J CT CP η Ju ηu
0.113 0.0965 0.0453 0.241 0.120 0.255
0.135 0.0953 0.0457 0.281 0.141 0.295
0.156 0.0938 0.0459 0.320 0.163 0.333
0.176 0.0924 0.0460 0.354 0.183 0.367
0.202 0.0907 0.0464 0.395 0.208 0.407
0.223 0.0892 0.0466 0.427 0.229 0.438
0.244 0.0880 0.0468 0.458 0.249 0.469
0.266 0.0863 0.0469 0.489 0.272 0.500
0.290 0.0846 0.0471 0.520 0.295 0.529
0.311 0.0832 0.0474 0.546 0.316 0.555
0.334 0.0814 0.0476 0.572 0.339 0.580
0.356 0.0796 0.0477 0.594 0.361 0.602
0.374 0.0780 0.0477 0.611 0.378 0.618
0.397 0.0759 0.0479 0.629 0.401 0.636
0.418 0.0738 0.0479 0.643 0.422 0.649
0.440 0.0717 0.0480 0.656 0.443 0.661
Run: 1697kt
β = 40 deg
J CT CP η Ju ηu
0.375 0.0779 0.0479 0.610 0.379 0.617
0.397 0.0759 0.0480 0.628 0.401 0.634
0.419 0.0739 0.0481 0.644 0.423 0.650
0.443 0.0711 0.0480 0.656 0.446 0.661
0.462 0.0692 0.0480 0.665 0.465 0.670
0.483 0.0664 0.0478 0.671 0.486 0.675
0.504 0.0636 0.0474 0.676 0.507 0.680
0.529 0.0598 0.0468 0.676 0.531 0.679
0.546 0.0574 0.0463 0.677 0.548 0.680
0.566 0.0541 0.0456 0.673 0.568 0.675
0.588 0.0509 0.0450 0.665 0.589 0.667
0.613 0.0471 0.0441 0.655 0.614 0.656
0.632 0.0440 0.0433 0.643 0.634 0.644
0.659 0.0399 0.0422 0.622 0.660 0.623
0.676 0.0372 0.0416 0.604 0.677 0.605
0.701 0.0331 0.0405 0.572 0.701 0.572
0.718 0.0302 0.0397 0.546 0.718 0.546
0.748 0.0246 0.0379 0.487 0.748 0.487
0.766 0.0215 0.0368 0.446 0.766 0.446
0.786 0.0182 0.0356 0.401 0.786 0.401
0.805 0.0153 0.0345 0.357 0.804 0.356
0.833 0.0097 0.0324 0.250 0.832 0.249
0.853 0.0062 0.0311 0.169 0.852 0.169
0.871 0.0031 0.0299 0.089 0.870 0.089
132
Run: 1698kt
β = 45 deg
J CT CP η Ju ηu
0.112 0.0964 0.0452 0.239 0.119 0.254
0.136 0.0952 0.0455 0.284 0.142 0.298
0.158 0.0938 0.0458 0.323 0.164 0.336
0.177 0.0930 0.0461 0.357 0.183 0.370
0.198 0.0916 0.0462 0.393 0.204 0.405
0.222 0.0903 0.0466 0.430 0.228 0.442
0.245 0.0888 0.0467 0.466 0.251 0.477
0.265 0.0877 0.0469 0.496 0.271 0.506
0.288 0.0862 0.0471 0.528 0.293 0.537
0.310 0.0848 0.0473 0.556 0.315 0.565
0.333 0.0835 0.0476 0.583 0.338 0.592
0.356 0.0819 0.0478 0.609 0.360 0.617
0.374 0.0803 0.0478 0.628 0.378 0.635
0.400 0.0784 0.0481 0.651 0.404 0.658
0.421 0.0766 0.0483 0.667 0.425 0.674
0.439 0.0751 0.0486 0.679 0.443 0.685
Run: 1699kt
β = 45 deg
J CT CP η Ju ηu
0.376 0.0804 0.0480 0.630 0.380 0.638
0.398 0.0788 0.0482 0.650 0.402 0.657
0.418 0.0768 0.0482 0.666 0.422 0.673
0.441 0.0748 0.0483 0.683 0.445 0.689
0.463 0.0728 0.0484 0.695 0.466 0.701
0.483 0.0706 0.0484 0.703 0.486 0.708
0.505 0.0677 0.0481 0.710 0.508 0.714
0.526 0.0653 0.0480 0.715 0.529 0.719
0.553 0.0620 0.0476 0.720 0.555 0.723
0.569 0.0597 0.0472 0.719 0.571 0.722
0.595 0.0559 0.0466 0.715 0.597 0.718
0.613 0.0534 0.0460 0.711 0.615 0.713
0.632 0.0507 0.0455 0.705 0.633 0.707
0.652 0.0483 0.0449 0.700 0.654 0.702
0.678 0.0450 0.0442 0.689 0.679 0.691
0.696 0.0423 0.0435 0.677 0.697 0.678
0.719 0.0394 0.0429 0.662 0.720 0.662
0.748 0.0350 0.0415 0.630 0.748 0.630
0.767 0.0322 0.0407 0.608 0.768 0.608
0.787 0.0294 0.0398 0.582 0.787 0.582
0.807 0.0266 0.0389 0.551 0.807 0.551
0.834 0.0225 0.0377 0.499 0.834 0.498
0.853 0.0198 0.0368 0.458 0.853 0.458




































































































































































































β = 0 deg
J CT CP η Ju ηu
0.100 0.0574 0.0271 0.213 0.104 0.221
0.123 0.0552 0.0268 0.253 0.126 0.260
0.148 0.0524 0.0265 0.292 0.151 0.298
0.172 0.0496 0.0262 0.326 0.175 0.331
0.197 0.0465 0.0258 0.354 0.199 0.359
0.222 0.0429 0.0252 0.377 0.224 0.381
0.245 0.0396 0.0247 0.394 0.247 0.398
0.273 0.0353 0.0238 0.405 0.275 0.407
0.295 0.0316 0.0231 0.404 0.297 0.406
0.319 0.0277 0.0223 0.396 0.320 0.397
0.345 0.0229 0.0212 0.372 0.346 0.373
0.368 0.0189 0.0203 0.343 0.368 0.344
0.391 0.0145 0.0191 0.297 0.391 0.298
0.417 0.0097 0.0176 0.229 0.416 0.229
0.439 0.0055 0.0164 0.147 0.438 0.147
0.466 0.0000 0.0146 0.001 0.465 0.001
0.484 -0.0037 0.0135 -0.134 0.483 -0.133
Run: 1617kt
β = 15 deg
J CT CP η Ju ηu
0.100 0.0573 0.0271 0.211 0.103 0.219
0.122 0.0547 0.0268 0.249 0.125 0.256
0.147 0.0520 0.0266 0.288 0.150 0.294
0.171 0.0490 0.0263 0.319 0.174 0.325
0.194 0.0458 0.0258 0.345 0.197 0.349
0.223 0.0419 0.0253 0.369 0.225 0.373
0.247 0.0381 0.0246 0.382 0.249 0.386
0.271 0.0344 0.0239 0.390 0.273 0.392
0.296 0.0305 0.0232 0.388 0.297 0.390
0.319 0.0264 0.0224 0.375 0.320 0.376
0.345 0.0215 0.0214 0.346 0.346 0.347
0.369 0.0171 0.0205 0.308 0.370 0.308
0.390 0.0131 0.0196 0.261 0.390 0.261
0.417 0.0075 0.0181 0.172 0.417 0.172
0.442 0.0024 0.0167 0.064 0.441 0.064
0.464 -0.0020 0.0154 -0.059 0.463 -0.059
0.491 -0.0075 0.0137 -0.269 0.489 -0.268
Run: 1618kt
β = 30 deg
J CT CP η Ju ηu
0.100 0.0576 0.0273 0.211 0.103 0.219
0.122 0.0549 0.0270 0.248 0.126 0.255
0.147 0.0524 0.0268 0.287 0.150 0.293
0.171 0.0499 0.0267 0.319 0.174 0.325
0.196 0.0470 0.0263 0.350 0.199 0.355
0.222 0.0441 0.0260 0.377 0.224 0.381
0.246 0.0410 0.0255 0.397 0.248 0.400
0.269 0.0378 0.0249 0.409 0.271 0.412
0.297 0.0341 0.0243 0.416 0.298 0.418
0.317 0.0310 0.0237 0.415 0.318 0.417
0.345 0.0269 0.0229 0.404 0.346 0.405
0.367 0.0232 0.0222 0.384 0.368 0.385
0.394 0.0187 0.0213 0.346 0.395 0.347
0.417 0.0147 0.0204 0.302 0.418 0.302
0.439 0.0109 0.0195 0.245 0.439 0.245
0.466 0.0061 0.0183 0.155 0.466 0.155
0.488 0.0021 0.0173 0.060 0.487 0.060
Run: 1619kt
β = 40 deg
J CT CP η Ju ηu
0.098 0.0589 0.0272 0.212 0.102 0.219
0.122 0.0564 0.0272 0.253 0.125 0.260
0.147 0.0539 0.0270 0.294 0.151 0.300
0.171 0.0519 0.0269 0.330 0.174 0.336
0.196 0.0497 0.0265 0.368 0.199 0.373
0.222 0.0472 0.0262 0.401 0.225 0.406
0.247 0.0448 0.0260 0.426 0.249 0.430
0.271 0.0422 0.0257 0.445 0.273 0.449
0.295 0.0394 0.0253 0.461 0.297 0.464
0.318 0.0368 0.0249 0.471 0.320 0.474
0.345 0.0334 0.0243 0.475 0.346 0.476
0.369 0.0302 0.0237 0.470 0.370 0.471
0.392 0.0272 0.0232 0.461 0.393 0.462
0.413 0.0242 0.0225 0.444 0.414 0.445
0.440 0.0204 0.0217 0.413 0.440 0.414
0.467 0.0163 0.0208 0.366 0.467 0.366
0.490 0.0129 0.0200 0.316 0.490 0.316
135
Run: 1622kt
β = 40 deg
J CT CP η Ju ηu
0.415 0.0245 0.0225 0.450 0.415 0.450
0.439 0.0212 0.0219 0.424 0.439 0.425
0.465 0.0173 0.0211 0.383 0.465 0.383
0.484 0.0145 0.0204 0.343 0.484 0.343
0.513 0.0100 0.0193 0.265 0.512 0.265
0.535 0.0065 0.0185 0.187 0.534 0.187
0.557 0.0028 0.0176 0.089 0.557 0.089
0.587 -0.0023 0.0163 -0.082 0.586 -0.082
0.612 -0.0066 0.0152 -0.265 0.611 -0.264
0.635 -0.0105 0.0141 -0.471 0.633 -0.470
0.662 -0.0156 0.0127 -0.810 0.660 -0.808
0.682 -0.0192 0.0118 -1.113 0.680 -1.110
0.710 -0.0246 0.0103 -1.687 0.708 -1.682
0.731 -0.0284 0.0094 -2.215 0.728 -2.208
0.758 -0.0335 0.0080 -3.189 0.755 -3.178
0.780 -0.0376 0.0069 -4.236 0.777 -4.222
Run: 1620kt
β = 45 deg
J CT CP η Ju ηu
0.098 0.0595 0.0273 0.215 0.102 0.222
0.122 0.0573 0.0273 0.257 0.126 0.264
0.147 0.0551 0.0271 0.298 0.150 0.304
0.173 0.0529 0.0269 0.341 0.176 0.347
0.195 0.0512 0.0267 0.375 0.198 0.381
0.222 0.0490 0.0265 0.411 0.225 0.416
0.247 0.0468 0.0262 0.441 0.249 0.445
0.271 0.0445 0.0259 0.466 0.274 0.470
0.295 0.0424 0.0257 0.485 0.297 0.488
0.319 0.0399 0.0253 0.503 0.321 0.506
0.343 0.0374 0.0249 0.513 0.344 0.516
0.367 0.0348 0.0245 0.520 0.368 0.521
0.394 0.0313 0.0239 0.517 0.395 0.518
0.418 0.0286 0.0234 0.511 0.418 0.512
0.439 0.0261 0.0229 0.499 0.439 0.500
0.465 0.0223 0.0222 0.469 0.466 0.469
0.488 0.0191 0.0216 0.433 0.488 0.433
Run: 1621kt
β = 45 deg
J CT CP η Ju ηu
0.412 0.0297 0.0236 0.518 0.413 0.519
0.438 0.0263 0.0230 0.500 0.439 0.501
0.463 0.0231 0.0224 0.477 0.463 0.478
0.486 0.0199 0.0218 0.445 0.486 0.445
0.509 0.0167 0.0211 0.403 0.509 0.402
0.541 0.0118 0.0200 0.321 0.541 0.321
0.563 0.0086 0.0192 0.252 0.563 0.252
0.586 0.0051 0.0184 0.164 0.585 0.164
0.609 0.0017 0.0175 0.058 0.608 0.058
0.635 -0.0028 0.0164 -0.107 0.634 -0.107
0.658 -0.0064 0.0155 -0.273 0.657 -0.273
0.686 -0.0112 0.0143 -0.540 0.685 -0.538
0.708 -0.0150 0.0133 -0.795 0.706 -0.793
0.729 -0.0186 0.0124 -1.094 0.728 -1.092
0.759 -0.0239 0.0110 -1.647 0.757 -1.643
0.780 -0.0276 0.0101 -2.124 0.778 -2.118
0.809 -0.0328 0.0088 -3.019 0.806 -3.010
0.828 -0.0362 0.0080 -3.750 0.826 -3.738







































































































































β = 0 deg
J CT CP η Ju ηu
0.111 0.1040 0.0597 0.193 0.117 0.203
0.139 0.1035 0.0595 0.242 0.145 0.252
0.162 0.1028 0.0594 0.280 0.167 0.290
0.189 0.1019 0.0598 0.322 0.194 0.332
0.215 0.1005 0.0601 0.359 0.220 0.368
0.241 0.0967 0.0602 0.388 0.246 0.396
0.269 0.0933 0.0604 0.415 0.273 0.423
0.294 0.0906 0.0604 0.441 0.298 0.448
0.319 0.0880 0.0604 0.465 0.323 0.471
0.348 0.0846 0.0603 0.489 0.352 0.494
0.373 0.0815 0.0602 0.506 0.377 0.511
0.401 0.0777 0.0597 0.521 0.404 0.525
0.425 0.0739 0.0592 0.531 0.428 0.535
0.451 0.0698 0.0584 0.539 0.453 0.542
0.478 0.0654 0.0576 0.543 0.481 0.545
0.504 0.0610 0.0565 0.543 0.506 0.546
0.527 0.0569 0.0553 0.542 0.528 0.543
Run: 1625kt
β = 0 deg
J CT CP η Ju ηu
0.446 0.0714 0.0589 0.541 0.449 0.545
0.476 0.0662 0.0576 0.547 0.479 0.550
0.500 0.0622 0.0567 0.548 0.503 0.551
0.524 0.0583 0.0557 0.548 0.526 0.550
0.554 0.0530 0.0541 0.542 0.555 0.543
0.578 0.0487 0.0528 0.533 0.579 0.534
0.602 0.0439 0.0511 0.517 0.603 0.518
0.636 0.0371 0.0484 0.487 0.637 0.487
0.658 0.0327 0.0465 0.463 0.658 0.463
0.690 0.0261 0.0434 0.415 0.689 0.415
0.711 0.0215 0.0412 0.372 0.711 0.371
0.743 0.0145 0.0375 0.288 0.742 0.288
0.762 0.0106 0.0354 0.228 0.761 0.228
0.796 0.0022 0.0308 0.058 0.794 0.057
0.813 -0.0015 0.0288 -0.044 0.812 -0.044
0.847 -0.0101 0.0238 -0.362 0.845 -0.361
0.875 -0.0174 0.0197 -0.772 0.873 -0.771
0.899 -0.0239 0.0162 -1.330 0.897 -1.326
0.926 -0.0307 0.0121 -2.344 0.923 -2.337
0.951 -0.0370 0.0082 -4.283 0.948 -4.270
Run: 1626kt
β = 15 deg
J CT CP η Ju ηu
0.111 0.1026 0.0597 0.191 0.117 0.201
0.134 0.1020 0.0597 0.229 0.140 0.239
0.160 0.1012 0.0597 0.271 0.165 0.280
0.185 0.0998 0.0597 0.310 0.191 0.319
0.211 0.0987 0.0602 0.346 0.217 0.355
0.240 0.0961 0.0603 0.382 0.245 0.390
0.268 0.0921 0.0605 0.408 0.272 0.415
0.293 0.0886 0.0603 0.431 0.298 0.437
0.319 0.0858 0.0604 0.453 0.323 0.459
0.347 0.0824 0.0603 0.475 0.351 0.480
0.372 0.0794 0.0602 0.491 0.375 0.496
0.397 0.0760 0.0599 0.504 0.400 0.508
0.427 0.0714 0.0593 0.514 0.430 0.518
0.452 0.0675 0.0588 0.519 0.454 0.522
0.479 0.0628 0.0579 0.519 0.481 0.522
0.499 0.0594 0.0572 0.518 0.501 0.520
0.523 0.0549 0.0560 0.512 0.525 0.514
Run: 1627kt
β = 15 deg
J CT CP η Ju ηu
0.446 0.0692 0.0591 0.522 0.449 0.526
0.473 0.0643 0.0581 0.524 0.475 0.526
0.498 0.0605 0.0574 0.524 0.500 0.526
0.528 0.0548 0.0561 0.516 0.530 0.518
0.552 0.0505 0.0549 0.507 0.553 0.508
0.576 0.0459 0.0537 0.492 0.577 0.493
0.611 0.0385 0.0514 0.458 0.612 0.458
0.629 0.0350 0.0502 0.439 0.630 0.440
0.664 0.0272 0.0472 0.383 0.664 0.383
0.685 0.0227 0.0455 0.342 0.685 0.342
0.716 0.0155 0.0424 0.262 0.716 0.261
0.736 0.0109 0.0404 0.198 0.736 0.198
0.768 0.0032 0.0368 0.067 0.767 0.067
0.793 -0.0029 0.0339 -0.067 0.792 -0.067
0.822 -0.0096 0.0307 -0.258 0.820 -0.257
0.847 -0.0162 0.0273 -0.505 0.845 -0.503
0.873 -0.0228 0.0238 -0.838 0.871 -0.836
0.900 -0.0295 0.0202 -1.316 0.897 -1.312
0.927 -0.0362 0.0164 -2.044 0.924 -2.038
0.951 -0.0425 0.0129 -3.143 0.948 -3.132
0.980 -0.0500 0.0085 -5.731 0.976 -5.712
138
Run: 1628kt
β = 30 deg
J CT CP η Ju ηu
0.108 0.1003 0.0603 0.179 0.114 0.189
0.133 0.0993 0.0601 0.220 0.139 0.229
0.160 0.0985 0.0601 0.261 0.165 0.270
0.186 0.0974 0.0602 0.300 0.191 0.309
0.213 0.0962 0.0602 0.341 0.218 0.349
0.240 0.0952 0.0604 0.378 0.245 0.386
0.267 0.0929 0.0606 0.409 0.272 0.417
0.293 0.0899 0.0607 0.435 0.298 0.441
0.320 0.0871 0.0608 0.458 0.324 0.464
0.345 0.0839 0.0606 0.478 0.349 0.483
0.373 0.0808 0.0604 0.499 0.376 0.503
0.397 0.0780 0.0602 0.514 0.400 0.519
0.421 0.0753 0.0600 0.528 0.425 0.532
0.447 0.0720 0.0596 0.540 0.450 0.543
0.472 0.0687 0.0593 0.547 0.475 0.550
0.501 0.0645 0.0588 0.550 0.504 0.553
0.530 0.0601 0.0580 0.550 0.532 0.552
Run: 1629kt
β = 30 deg
J CT CP η Ju ηu
0.444 0.0726 0.0598 0.540 0.447 0.544
0.476 0.0685 0.0593 0.550 0.479 0.552
0.505 0.0645 0.0587 0.554 0.507 0.557
0.530 0.0609 0.0582 0.555 0.532 0.557
0.555 0.0571 0.0574 0.551 0.556 0.553
0.578 0.0535 0.0567 0.545 0.579 0.547
0.612 0.0479 0.0553 0.529 0.613 0.530
0.635 0.0439 0.0542 0.514 0.635 0.514
0.659 0.0396 0.0530 0.493 0.660 0.494
0.690 0.0337 0.0511 0.455 0.690 0.456
0.712 0.0293 0.0497 0.420 0.712 0.420
0.736 0.0246 0.0480 0.377 0.736 0.377
0.768 0.0181 0.0456 0.304 0.767 0.304
0.791 0.0135 0.0439 0.243 0.791 0.243
0.820 0.0072 0.0414 0.142 0.819 0.142
0.842 0.0027 0.0397 0.057 0.841 0.057
0.875 -0.0044 0.0367 -0.104 0.873 -0.104
0.894 -0.0086 0.0349 -0.221 0.892 -0.221
0.926 -0.0153 0.0320 -0.444 0.924 -0.443
0.944 -0.0192 0.0303 -0.598 0.942 -0.597
0.979 -0.0273 0.0266 -1.004 0.977 -1.002
0.998 -0.0312 0.0249 -1.250 0.995 -1.247
1.031 -0.0387 0.0216 -1.842 1.028 -1.836
1.059 -0.0451 0.0190 -2.518 1.056 -2.511
Run: 1630kt
β = 40 deg
J CT CP η Ju ηu
0.108 0.0994 0.0605 0.177 0.113 0.186
0.134 0.0986 0.0606 0.218 0.140 0.227
0.159 0.0977 0.0607 0.256 0.164 0.264
0.185 0.0971 0.0608 0.296 0.191 0.304
0.211 0.0970 0.0608 0.337 0.216 0.345
0.239 0.0958 0.0606 0.378 0.244 0.386
0.265 0.0949 0.0608 0.414 0.270 0.422
0.293 0.0929 0.0609 0.447 0.298 0.454
0.319 0.0907 0.0610 0.475 0.324 0.482
0.346 0.0881 0.0609 0.500 0.350 0.505
0.373 0.0852 0.0610 0.522 0.377 0.527
0.398 0.0827 0.0610 0.540 0.402 0.545
0.422 0.0800 0.0610 0.553 0.425 0.558
0.448 0.0771 0.0609 0.567 0.451 0.571
0.473 0.0740 0.0606 0.578 0.476 0.581
0.499 0.0711 0.0605 0.587 0.501 0.590
0.529 0.0674 0.0600 0.594 0.531 0.596
Run: 1631kt
β = 40 deg
J CT CP η Ju ηu
0.450 0.0774 0.0609 0.571 0.453 0.575
0.474 0.0738 0.0603 0.580 0.477 0.584
0.500 0.0714 0.0604 0.591 0.502 0.593
0.527 0.0680 0.0601 0.597 0.529 0.599
0.552 0.0649 0.0596 0.601 0.554 0.603
0.579 0.0614 0.0590 0.603 0.581 0.605
0.608 0.0574 0.0583 0.600 0.610 0.601
0.632 0.0546 0.0578 0.597 0.634 0.598
0.658 0.0511 0.0571 0.589 0.659 0.590
0.688 0.0464 0.0559 0.571 0.689 0.572
0.712 0.0432 0.0550 0.559 0.713 0.560
0.736 0.0396 0.0540 0.540 0.736 0.540
0.767 0.0346 0.0523 0.507 0.767 0.507
0.793 0.0307 0.0512 0.476 0.793 0.476
0.815 0.0273 0.0501 0.445 0.815 0.444
0.839 0.0235 0.0488 0.404 0.839 0.404
0.873 0.0180 0.0470 0.334 0.872 0.333
0.895 0.0144 0.0458 0.282 0.894 0.281
0.918 0.0107 0.0445 0.221 0.917 0.220
0.953 0.0047 0.0423 0.105 0.951 0.105
0.975 0.0009 0.0409 0.021 0.973 0.021
0.997 -0.0027 0.0396 -0.069 0.995 -0.069
1.031 -0.0089 0.0374 -0.246 1.029 -0.245
1.051 -0.0121 0.0362 -0.352 1.049 -0.351
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Run: 1632kt
β = 45 deg
J CT CP η Ju ηu
0.108 0.0991 0.0607 0.176 0.114 0.186
0.135 0.0985 0.0608 0.218 0.140 0.227
0.161 0.0973 0.0607 0.257 0.166 0.266
0.185 0.0974 0.0609 0.295 0.190 0.303
0.216 0.0970 0.0610 0.344 0.221 0.352
0.241 0.0962 0.0609 0.380 0.246 0.388
0.267 0.0951 0.0609 0.417 0.272 0.425
0.295 0.0936 0.0610 0.453 0.300 0.460
0.320 0.0917 0.0610 0.482 0.325 0.488
0.349 0.0897 0.0613 0.511 0.353 0.517
0.376 0.0872 0.0614 0.534 0.380 0.540
0.402 0.0845 0.0614 0.554 0.406 0.559
0.426 0.0827 0.0617 0.571 0.429 0.575
0.452 0.0797 0.0615 0.586 0.455 0.590
0.482 0.0768 0.0616 0.601 0.485 0.604
0.507 0.0739 0.0613 0.612 0.510 0.615
0.534 0.0713 0.0612 0.623 0.537 0.625
Run: 1633kt
β = 45 deg
J CT CP η Ju ηu
0.451 0.0803 0.0614 0.589 0.454 0.593
0.477 0.0775 0.0614 0.602 0.480 0.606
0.503 0.0746 0.0612 0.614 0.506 0.617
0.529 0.0720 0.0611 0.624 0.532 0.627
0.555 0.0693 0.0608 0.633 0.558 0.635
0.580 0.0662 0.0604 0.636 0.582 0.638
0.606 0.0635 0.0601 0.640 0.607 0.641
0.636 0.0598 0.0594 0.640 0.638 0.642
0.661 0.0569 0.0588 0.639 0.663 0.640
0.682 0.0543 0.0582 0.635 0.683 0.636
0.712 0.0506 0.0575 0.627 0.713 0.628
0.743 0.0465 0.0564 0.613 0.744 0.614
0.765 0.0437 0.0555 0.602 0.765 0.602
0.789 0.0405 0.0547 0.584 0.789 0.585
0.809 0.0378 0.0539 0.568 0.809 0.568
0.843 0.0327 0.0522 0.527 0.842 0.527
0.872 0.0288 0.0511 0.492 0.871 0.492
0.894 0.0259 0.0501 0.463 0.893 0.462
0.921 0.0220 0.0489 0.415 0.920 0.414
0.952 0.0174 0.0472 0.350 0.951 0.350
0.978 0.0136 0.0460 0.290 0.977 0.290
0.999 0.0104 0.0448 0.231 0.998 0.231
1.030 0.0057 0.0433 0.137 1.029 0.136







































































































































































































β = 0 deg
J CT CP η Ju ηu
0.114 0.1023 0.0522 0.223 0.121 0.237
0.136 0.1014 0.0523 0.264 0.143 0.277
0.157 0.1001 0.0522 0.301 0.164 0.314
0.179 0.0991 0.0524 0.338 0.186 0.351
0.199 0.0978 0.0528 0.369 0.206 0.381
0.223 0.0952 0.0533 0.399 0.230 0.410
0.243 0.0928 0.0534 0.422 0.249 0.433
0.265 0.0903 0.0536 0.448 0.271 0.457
0.286 0.0879 0.0536 0.469 0.292 0.478
0.309 0.0852 0.0536 0.491 0.315 0.500
0.331 0.0822 0.0535 0.509 0.336 0.517
0.351 0.0795 0.0533 0.524 0.356 0.531
0.374 0.0762 0.0529 0.539 0.379 0.545
0.394 0.0735 0.0527 0.550 0.398 0.555
0.416 0.0705 0.0522 0.561 0.419 0.567
0.436 0.0674 0.0516 0.570 0.440 0.575
Run: 1702kt
β = 0 deg
J CT CP η Ju ηu
0.369 0.0770 0.0531 0.536 0.374 0.542
0.392 0.0741 0.0528 0.549 0.396 0.555
0.413 0.0710 0.0522 0.561 0.417 0.566
0.437 0.0674 0.0517 0.570 0.440 0.575
0.456 0.0642 0.0509 0.575 0.459 0.579
0.478 0.0607 0.0501 0.579 0.481 0.582
0.498 0.0575 0.0493 0.581 0.501 0.584
0.518 0.0542 0.0484 0.581 0.521 0.583
0.538 0.0510 0.0474 0.579 0.540 0.581
0.565 0.0462 0.0458 0.570 0.567 0.571
0.587 0.0422 0.0443 0.559 0.588 0.561
0.605 0.0388 0.0430 0.547 0.606 0.548
0.630 0.0342 0.0410 0.525 0.631 0.526
0.653 0.0297 0.0390 0.497 0.654 0.498
0.673 0.0261 0.0373 0.471 0.673 0.471
0.696 0.0213 0.0350 0.424 0.696 0.424
0.714 0.0179 0.0333 0.385 0.714 0.385
0.739 0.0126 0.0305 0.306 0.739 0.306
0.759 0.0086 0.0284 0.231 0.758 0.231
0.782 0.0034 0.0255 0.105 0.781 0.105
0.800 -0.0006 0.0234 -0.019 0.799 -0.019
0.826 -0.0062 0.0205 -0.250 0.824 -0.250
0.841 -0.0100 0.0182 -0.463 0.839 -0.462
0.861 -0.0148 0.0153 -0.831 0.859 -0.829
Run: 1703kt
β = 15 deg
J CT CP η Ju ηu
0.111 0.1015 0.0524 0.215 0.118 0.229
0.133 0.1001 0.0524 0.255 0.140 0.268
0.155 0.0990 0.0525 0.292 0.162 0.305
0.176 0.0978 0.0527 0.327 0.183 0.339
0.199 0.0961 0.0528 0.362 0.206 0.374
0.223 0.0941 0.0532 0.395 0.229 0.406
0.243 0.0915 0.0533 0.417 0.249 0.428
0.266 0.0889 0.0535 0.442 0.272 0.451
0.288 0.0866 0.0537 0.464 0.293 0.473
0.308 0.0837 0.0536 0.481 0.314 0.489
0.330 0.0814 0.0538 0.499 0.335 0.507
0.351 0.0783 0.0535 0.513 0.356 0.520
0.373 0.0752 0.0533 0.526 0.377 0.532
0.396 0.0720 0.0530 0.537 0.400 0.543
0.415 0.0689 0.0525 0.545 0.419 0.549
0.435 0.0662 0.0522 0.551 0.438 0.556
Run: 1704kt
β = 15 deg
J CT CP η Ju ηu
0.371 0.0755 0.0533 0.525 0.375 0.531
0.392 0.0726 0.0531 0.536 0.396 0.542
0.413 0.0691 0.0525 0.544 0.417 0.549
0.433 0.0665 0.0523 0.552 0.437 0.556
0.455 0.0631 0.0516 0.556 0.458 0.560
0.474 0.0600 0.0510 0.557 0.477 0.560
0.499 0.0561 0.0502 0.557 0.501 0.560
0.518 0.0527 0.0494 0.553 0.521 0.556
0.539 0.0490 0.0483 0.547 0.541 0.549
0.564 0.0443 0.0469 0.532 0.565 0.534
0.588 0.0401 0.0456 0.517 0.589 0.518
0.606 0.0366 0.0443 0.500 0.607 0.501
0.631 0.0316 0.0425 0.469 0.632 0.470
0.651 0.0281 0.0412 0.444 0.651 0.444
0.676 0.0230 0.0391 0.398 0.676 0.398
0.693 0.0194 0.0375 0.359 0.693 0.359
0.719 0.0139 0.0350 0.285 0.718 0.284
0.737 0.0103 0.0334 0.226 0.736 0.226
0.763 0.0043 0.0306 0.108 0.762 0.108
0.780 0.0008 0.0289 0.023 0.778 0.023
0.796 -0.0031 0.0268 -0.092 0.795 -0.092
0.824 -0.0095 0.0235 -0.334 0.822 -0.333
0.841 -0.0132 0.0216 -0.513 0.839 -0.512
0.869 -0.0197 0.0179 -0.960 0.867 -0.957
142
Run: 1705kt
β = 30 deg
J CT CP η Ju ηu
0.113 0.1002 0.0525 0.216 0.120 0.230
0.135 0.0990 0.0526 0.254 0.142 0.267
0.155 0.0982 0.0528 0.289 0.162 0.302
0.176 0.0969 0.0528 0.323 0.183 0.335
0.198 0.0957 0.0530 0.357 0.204 0.369
0.221 0.0940 0.0532 0.390 0.227 0.401
0.243 0.0920 0.0533 0.419 0.249 0.430
0.263 0.0905 0.0536 0.445 0.269 0.454
0.288 0.0878 0.0536 0.472 0.293 0.481
0.309 0.0855 0.0536 0.492 0.314 0.500
0.330 0.0835 0.0537 0.513 0.335 0.521
0.348 0.0813 0.0536 0.528 0.353 0.535
0.375 0.0786 0.0538 0.548 0.380 0.555
0.395 0.0758 0.0535 0.559 0.399 0.565
0.417 0.0733 0.0534 0.572 0.421 0.577
0.436 0.0707 0.0532 0.579 0.439 0.584
Run: 1706kt
β = 30 deg
J CT CP η Ju ηu
0.373 0.0790 0.0537 0.548 0.377 0.555
0.392 0.0768 0.0537 0.561 0.396 0.567
0.415 0.0736 0.0534 0.572 0.419 0.577
0.434 0.0711 0.0531 0.581 0.438 0.586
0.456 0.0683 0.0529 0.589 0.460 0.594
0.480 0.0651 0.0525 0.595 0.483 0.599
0.501 0.0623 0.0521 0.599 0.504 0.602
0.523 0.0591 0.0516 0.599 0.526 0.602
0.541 0.0561 0.0509 0.596 0.543 0.598
0.563 0.0533 0.0504 0.595 0.565 0.597
0.590 0.0488 0.0494 0.583 0.592 0.585
0.609 0.0459 0.0486 0.575 0.611 0.577
0.628 0.0427 0.0477 0.562 0.629 0.563
0.649 0.0392 0.0469 0.543 0.650 0.543
0.675 0.0348 0.0454 0.518 0.676 0.518
0.693 0.0315 0.0442 0.493 0.693 0.493
0.713 0.0282 0.0430 0.468 0.713 0.468
0.740 0.0228 0.0412 0.409 0.740 0.409
0.759 0.0193 0.0399 0.366 0.758 0.366
0.779 0.0157 0.0385 0.317 0.778 0.317
0.804 0.0106 0.0365 0.234 0.803 0.234
0.823 0.0072 0.0349 0.170 0.822 0.170
0.839 0.0042 0.0339 0.105 0.838 0.104
0.869 -0.0016 0.0311 -0.044 0.867 -0.044
Run: 1707kt
β = 40 deg
J CT CP η Ju ηu
0.113 0.0998 0.0524 0.215 0.120 0.228
0.131 0.0992 0.0526 0.248 0.138 0.261
0.153 0.0981 0.0526 0.287 0.160 0.299
0.177 0.0973 0.0527 0.326 0.183 0.338
0.199 0.0958 0.0527 0.362 0.205 0.374
0.221 0.0948 0.0530 0.395 0.227 0.407
0.242 0.0937 0.0532 0.426 0.248 0.436
0.263 0.0921 0.0533 0.455 0.269 0.465
0.286 0.0906 0.0536 0.484 0.292 0.493
0.308 0.0890 0.0538 0.510 0.314 0.519
0.331 0.0872 0.0540 0.535 0.336 0.543
0.349 0.0856 0.0540 0.553 0.354 0.561
0.372 0.0833 0.0541 0.572 0.376 0.579
0.395 0.0808 0.0540 0.591 0.400 0.598
0.417 0.0786 0.0540 0.607 0.422 0.613
0.438 0.0767 0.0542 0.620 0.442 0.625
Run: 1708kt
β = 40 deg
J CT CP η Ju ηu
0.371 0.0833 0.0541 0.571 0.376 0.578
0.394 0.0811 0.0543 0.590 0.399 0.596
0.413 0.0794 0.0543 0.603 0.417 0.609
0.439 0.0767 0.0543 0.620 0.443 0.626
0.460 0.0743 0.0541 0.631 0.463 0.636
0.477 0.0725 0.0541 0.640 0.481 0.644
0.500 0.0701 0.0539 0.650 0.503 0.654
0.521 0.0674 0.0536 0.656 0.524 0.660
0.546 0.0647 0.0533 0.662 0.549 0.666
0.567 0.0622 0.0529 0.666 0.569 0.669
0.586 0.0597 0.0525 0.667 0.589 0.669
0.607 0.0569 0.0519 0.666 0.609 0.668
0.627 0.0544 0.0516 0.662 0.629 0.664
0.645 0.0522 0.0511 0.660 0.647 0.662
0.670 0.0490 0.0504 0.652 0.672 0.653
0.696 0.0451 0.0495 0.635 0.697 0.636
0.717 0.0424 0.0488 0.623 0.718 0.624
0.736 0.0395 0.0479 0.606 0.736 0.607
0.756 0.0364 0.0469 0.586 0.757 0.587
0.783 0.0319 0.0458 0.547 0.784 0.547
0.803 0.0290 0.0448 0.520 0.803 0.520
0.822 0.0263 0.0439 0.492 0.822 0.492
0.840 0.0232 0.0427 0.457 0.840 0.456
0.872 0.0186 0.0411 0.394 0.871 0.394
143
Run: 1709kt
β = 45 deg
J CT CP η Ju ηu
0.111 0.1003 0.0526 0.211 0.118 0.224
0.133 0.0994 0.0527 0.251 0.140 0.264
0.156 0.0986 0.0528 0.291 0.162 0.304
0.176 0.0981 0.0529 0.327 0.183 0.339
0.199 0.0969 0.0530 0.364 0.205 0.375
0.220 0.0959 0.0531 0.397 0.226 0.409
0.241 0.0948 0.0533 0.429 0.247 0.439
0.264 0.0934 0.0535 0.462 0.270 0.472
0.285 0.0924 0.0539 0.489 0.291 0.499
0.307 0.0908 0.0541 0.516 0.313 0.525
0.329 0.0889 0.0541 0.540 0.334 0.549
0.351 0.0874 0.0543 0.565 0.356 0.574
0.369 0.0858 0.0545 0.582 0.374 0.589
0.393 0.0840 0.0547 0.604 0.397 0.611
0.414 0.0821 0.0548 0.620 0.418 0.627
0.436 0.0802 0.0549 0.636 0.440 0.642
Run: 1710kt
β = 45 deg
J CT CP η Ju ηu
0.370 0.0858 0.0545 0.583 0.375 0.591
0.395 0.0839 0.0548 0.606 0.400 0.613
0.414 0.0820 0.0547 0.621 0.418 0.628
0.435 0.0803 0.0549 0.636 0.439 0.642
0.458 0.0777 0.0547 0.650 0.462 0.656
0.482 0.0756 0.0547 0.666 0.485 0.671
0.504 0.0736 0.0548 0.677 0.507 0.682
0.525 0.0711 0.0545 0.685 0.528 0.689
0.545 0.0692 0.0545 0.692 0.548 0.696
0.568 0.0666 0.0542 0.699 0.570 0.702
0.588 0.0639 0.0537 0.700 0.590 0.703
0.610 0.0618 0.0535 0.704 0.612 0.707
0.627 0.0597 0.0531 0.705 0.629 0.707
0.653 0.0567 0.0526 0.704 0.655 0.706
0.672 0.0544 0.0523 0.699 0.674 0.701
0.692 0.0520 0.0517 0.697 0.694 0.698
0.713 0.0498 0.0512 0.693 0.714 0.694
0.734 0.0471 0.0505 0.685 0.735 0.686
0.760 0.0438 0.0496 0.670 0.761 0.671
0.781 0.0410 0.0489 0.656 0.782 0.656
0.800 0.0385 0.0480 0.641 0.800 0.641
0.820 0.0360 0.0471 0.627 0.820 0.627
0.840 0.0335 0.0463 0.607 0.840 0.607
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